Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



L 4 



8RARY 






».- ■■ ^'-- V 



8RARY 



vn 

.mi 




H AR TLE P L 



N.E.C. Inst. OF ENGr NEERS& Shipbuild ers 



20? OCTOBER 1888. -- 

Map of the 

Hartlepools. 



TRANSACTIONS 



OF THE 



NORTH-EAST COAST INSTITUTION 



OP 



ENGINEERS AND SHIPBUILDERS. 




EDITED BY THE SECRETARY OF THE INSTITUTION. 



VOLUME V. 



FIFTH SESSION, 1888-89. 



THE RIGHT OF PUBLICATION AND TRANSLATION IS RESERVED. 



Rewcaetle-iipOD-TgDe : 

ANDREW REID. 80N8 k CO.. PRINTING COURT BUILDINGS, AKEN8IDE HILL. 
London OrricE : 4, Qukxn'h Head Pashaqc, Pateknokter Row, E.C. 

1889. 



Andrew Rrid, S<>kh & Co., Nkwcastle-ui'on-T\'nk and London. 



ERRATUM. 



Omission, page 259: — After Presidenfs remarks on alteration 
to Bye-Law 6y insert '* The alteration to Bye-Law 6 was agreed to." 



152758 



ADVERTISEMENT. 



*' The Institution merely places on record, and is not, as a body, 
responsible for the statements or opinions advanced in the Papers 
read, or the Discussions thereon, which occur at the Meetings during 
the Session." 



CONTENTS OF VOLUME V. 



Fifth Sessiox, 1888-^. 



PAGE. 

Alphabetical List of Names of Writers of Papers and Speakers vii 

List of Pablications Received x 

Donations to Library ... ... ... ... ... ... ... ... ... xviii 

List of Officers, 1888-89 ... ... ... ... ... ... ... ... xx 

„ Honorary Members, Life Members, and Associates, 1889-90 xxi 

„ AHemDersy Iocrt—StU ... ... ... ... ... ... ... ... xxi 

yy nnOOCUkJXof yf ... ... ... ... ... ... XXX VU 

•• xXXiHAUSM39j ,, ... ... ... ... ... ... ... ... a£ 

1X& wUlvKl ... ... ... ... ... ... ... ... ... ... ... ^£U 

Const! tation and Bye- Laws ... xliii 

Library and Reading Room Bye- Laws 98 

Proceedings at General Meetings 1, 38, 69, 97, 123, 147, 175, 203, 243 

Council Report for Fonrth Session 8 

Financial Statement „ ... ... ... ... ... ... ... 6 

Appointment of Trustees 72 

Proceedings at Closing Business Meeting — Alterations to Articles of Constitution 

and Bye-Laws 267 

„ „ Election of Officers , 259 

„ „ Excursion to Forth Bridge 260 

„ „ Votes of Thanks 260 

Vifit to the Hartlepools 87 

„ „ Description of Works Visited 61 

Forth Bridge ... ... ... ... ... ... ... ... 264 



M 



PAPERS READ DURING THE SESSION. 

1888. PAQE. 

Oct. 3rd.— Inauoubal Address by the President, Mr. F. C. Marshall ... 13 

Vote of Thanks to President for his Address 29 

Oct. 20th.—" The Use of Machinbby in CoNSTBtrcTiON," by Mr. John Price 43 

Discussion 40 

Mr. Price's Reply 67 

Oct. 25th. — Communication from Mr. J. Sutton 60 

Nov. 23rd. — ** A New System op Shifbitildino to Facilitate the Appli- 
cation OF Machine Riveting to Shell Plating," by 

Mr. Johan Johnson 73 

-l^lwvUoBlwU ... ... ... ... ... ,,. ,,, ,,. Ov 



VI 



Dec. 17th. — Mr. Johnson's Reply ... 

" A New Wavb-Motoe," by Mr. J. A. Rowe 



1889. 
Jan. 14th.- 



Discussion 

,, continued 
Mr. Row6*8 Reply 
"Thb Steuctxtbal Steenoth 

Bergstrom 

Discussion 

continued 



M 



>i 



»» 



*\Vell-Dbck' Cargo Steamer, 



Mar. 13th.— 



Feb. nth.— 
Mar. 13th.— 

Mr. Bergstrom's R^ply... 
Feb. nth. — "The Detelopment of the 

by Mr. O. W. Sivcwright 

Discussion 

y, continued 
Mr. Sivewright's Reply . . . 

"COBBOSION AND PITTING IN 

Dodds 

-Discussion 

-Mr. Dodds's Reply 

-" The Proper Capacity of Air Pumps," by Mr. J. H. Hamilton 

-Discussion 

Mr. Hamilton's Reply ... 



April 8th.- 

May 13th.- 

April 8th.- 

May 13th.- 



OF Cargo Steamers," by Mr. G. 



•• ••• ■•• 



I • • « t • 



Marine Boilers," by Mr. J. B. 



• • • • • • • I 



«•« ••# «•• 



•• ••• ••• ••« ••• «*• 



•« ••• ••• ••• 



•• ■•• ••• ••• ••• 



page. 

101 

. 105 

. 116 

, 125 
128 

135 
lU 
172 
178 
181 

151 
157 
182 
190 

195 
207 
245 
217 
248 
250 



LIST OF PL4TES. 

PLATES. 

Plates to illustrate Visit to the Hartlepools I. to IV. 

Paper on " A New System of Shipbuilding, etc." ... V. to VIII. 

" A New Wave-Motor " IX. to XI II. 

"The Structural Strength of Cargo Steamers" XIV. to XX. 
Mr. Piaud's Communication on ,. XXIX. to XXXIV. 
** The Development of the • Well-Deck' Cargo 

Steamer" XXI, to XXVIII. 

and XXXV. 
*' The Proper Capacity of Air Pumps" XXXVI. to XLI. 



M 



>» 



»» 



»t 



M 



»» 



»» 



»» 



l» 



»» 



«> 



If 



»♦ 



>» 



»» 



Vll 



ALPHABETICAL LIST OF WRITERS OF PAPERS 

AND SPEAKERS. 



Xame. 



AUott, C. S. 
Andrew, D. 
Aniison, G. X., Jan. 

»> 
Baines, G. H. ... 

Bergatrom, G. ... 



>» 



BoTd, W. 



ft 



tt 



»♦ 



Browne, Sir B. C. 



•» 



Charlton, H. 
Coote, A. 

Dodds, J. B. 

>» 
Doxf ord, W. T. . . 

Fc.tbel^ill, J. R." 
>» 
If 

Garnett, Principal 

Gravel! "j. 
Gray, W. 
Hall, J. P. 

Hamilton, J. H.... 



;, • • t 

Hutchinson, C. W. 
Johnson, Johan . . . 

>> 
»» 



Tttlk of Papsr or Bctbject undvr Discussion. 



New System of Shipbuilding 

Corrosion and Pitting in Marine Boilers 

New System of Shipbuilding 

The Structural Strength of Cargo Steamers 
The " Well- Deck" Cargo Steamer . . . 
The Use of Machinery in Construction 



. . .• 



The STRrcTTRAL Strength of Cargo Steamers 

Reply to Discussion on the Structural Strength 

of Cargo Steamers 

Remarks on President's Inaugural Address ... 
Vote of Thanks to Hartlepool Members 
Alterations to Bye- Laws 

Vote of Thanks to President 

Remarks on President's Inaugural Address ... 
The Use of Machinery in Construction 
Vote of Thanks to President ... 
The Use of Machinery in Construction 

Corrosion and Pitting in Marine Boir.sRs . 

Reply to Discussion on Corrosion and Pitting in 

Marine Boilers 

Remarks on President's Inaugural Address ... 

New System of Shipbuilding ... 

The Use of Machinery in Construction 

The "Well-Deck" Cargo Steamer 

Communication on Corrosion and Pitting in Marine 

^3ClllwlD ••• ••• ••• ••• ••« 

Remarks on President's Inaugural Address ... 

A New Wave-Motor .. 

New System of Shipbuilding ... 

Visit to the Hartlepools 

Corrosion and Pitting in Marine Boilers 

The Proper Capacity of Aib Priips 

Reply to Discussion on the Proper Capacity of Air 

The Use of Machinery in Construction 

A New System of Shipbuilding 

Re])lv to Discussion on a New System of Shipbuilding 
The '"Well-Deck" Cargo Steamer 



Paok. 



88 

215 

91 

144 

18G 

56 

135 



181 

29 

71 

258 

260 

38 

53 

261 

50 

195 



245 

32 

89 

52 

182 

207 
83 

117 
81 
38 
210 

217 



250 
50 

73 

101 
189 



Till 



Namk. 


Tftls op Paper or Subjkct undsr Discussion. 


Paqr. 


Laing, A. 


The "Well-Deck" Cargo Steamer 


• « • 


161 


MaooU, H 


Appointment of Trustees 


• • • 


72 


>« ..• ... 


New System of Shipbuilding 


• • • 


82 


Tt ... 


A New Wave-Motor 


« • • 


133 


)t 


The "WeU-Deck" Cargo Steamer 


• • • 


165 


}t ... 


The Strnctural Strength of Cargo Steamers 


• • • 


172 


Marshall, F.C 


Financial Statement 


• • « 


10.11 


ft ... ... 


Pbbsident's Inauottbal Addbbss 


• • ■ 


18 


)i 


Reply to Remarks on Inaugural Address 


« « • 


35 


tt ... 


Visit to the Hartlepools 


« « ■ 


40 


»f 


The Use of Machinery in Construction 


• • ■ 


59 


t« 


Vote of Thanks to Hartlepool Members 


• ■ • 


70 


ft 


Appointment of Trustees 


• • • 


72 


n . • • 


New System of Shipbuilding 


• • • 


80,87,94 


»« ... 


Library and Reading Room Bye- Laws 


• « • 


100 


»> ... 


A New Wave-Motor 


• • • 


116 


M 


Graduates' Meetings 


• • • 


148, 175 


»l ••• 


The New Premises and Furnishing Fund ... 


• • • 


148. 176 


»» 


The Structural Strength of Cargo Steamers 


« • • 


174 


f » 


Visit to the Forth Bridge 


« • • 


176 


>» 


Corrosion and Pitting in Marine Boilers 


• • • 


202 


t) 


The Proper Capacity of Air Pumps 


« • • 


249,256 


}) ... ... 


Alterations to Articles of Constitution and Bye 


-Laws 


257, 259 


)y 


Excursion to Forth Bridge 


• a ■ 


260 


yy ... 


Reply to Vote of Thanks 


« • • 


262 


Liddell,A. R 


Communication on the Structural Strength of 


Cargo 






o ceamers ... ... ... ... ... 


« « • 


180 


MarteU, B 


The Use of Machinery in Construction 


■ » • 


55 


Millar, T 


New System of Shipbuilding 


• • • 


84 


,t 


The Structural Strength of Cargo Steamers... 


• • . 


172 


Nichol, B. G 


The Use of Machinery in Construction 


• • • 


51 


„ ... ... 


Corrosion and Pitting in Marine Boilers 


« • a 


212 


Petersen, J. L 


The "Well-Deck" Cargo Steamer 


■ a • 


184 


Piaud, L. 


Communication on the Structural Strength of 


Cargo 






Steamers ... 


« • • 


178 


Price, J. ... 


The Use of Machinkby in Constbuction 


• • • 


43 


•• ••• „ ••• ••■ 


Reply to Discussion on the Use of Machinery in 






Construction 


... 


57 


Putnam, T 


Corrosion and Pitting in Marine Boilers 


• • • 


214 


Richardson, T., Jun. ... 


The Use of Machinery in Construction 


• • • 


49 


Richardson, J. Wigham 


The " Well- Deck " Cargo Steamer 


• • ■ 


159 


Rowe, J. A 


A Nbw Wate-Motob 


... 


105 


,, 


Reply to Discussion on a New Wave-Motor... 




128 


Sallnon, P 


Corrosion and Pitting in Marine Boilers 


• • ■ 


214 


Scholefield, H 


The "Well-Deck" Cargo Steamer 


• • • 


170 


Sivowright, G. W. 


New System of Shipbuilding 


• • • 


81 


»> ••• 


The "Well-Deck" Cabgo Steambb 


• • • 


151 


it 


Reply to Discussion on the "Well- Deck" 


Cargo 






■Steamer ... ..• ... ... ... 


• « • 


190 


Spence, J. C 


Corrosion and Pitting in Marine Boilers 


• • • 


209 


Stirzaker, J. C 


A New Wave-Motor 


• • • 


121 


Sutton, Jas. 


Communication on tho Use of Machinery in 


L Con- 






stmctioii ... ... 


• • • 


60 



IZ 



Kaju. 



Swan, H. F. 



t) 



*> 



Tatham, S. 

Taylor, A. 

Thompeon, R. 
TweddeU, R. U. 
Ullstrom, O. 
Wallao, J. 
Walliker, J. F. 
WeightoD, R. L 



n 



n 



Wiihy, H. 
Teoman, F. 



Tttlb op Papcr or Subjkct under Disctwion. 



Remarks on President's Inaugural Address 

Excursion to Forth Bridge 

Corrosion and Fitting in Marine Boilers 
Alterations to Bye-I^aws 

A New Wave-Motor 

New System of Shipbuilding 

New System cf Shipbuilding 

Communication on the ** Well-I>eck*^ Cargo 

A New Wave-Motor ... 

Corrosion and Pitting in Marine Boilers 

A New Wave-Motor ... 

Corrosion and Pitting in Marine Boilers 

The Proper Capacity of Air Pumps ... 

Tlic "Well- Deck" Cargo Steamer ... 

The ** Well- Deck" Cargo Steamer ... 



Steamer 



Pack. 



81 

205 

208,216 

259 

120,125, 

128 
80 

87,90 
157 
120 
213 
127 
216 
248 
163 
168 



B 



LIST OF PUBLICATIONS RECEIVED. 



TRANSACTIONS OF INSTITUTIONS. 



SUMMARY OF CONTENTS. 



Am EBiCAN Society of Mechanical Engineers.— President's Addiesa. Notes 
on Ilc8ultH Obtained from Steel Tested shortly after Rolling. Experiments and Ex- 
\}t:Ti(ince» with Blowers. Internal Friction of Non-Condensing Engines. A New 
rrinc'iplc in Steam Piston Packing. An Economical Method of Heating and Ven- 
tilating an Office and Warehouse Building. Standard Section Lining. On the 
Divergencies in Flange Diameters of Pumps, Valves, etc., of Different Hakes. 
Steel Car Axles. Power Press Problems. An Investigation as to How to Test the 
Strength of Cements. Friction in Toothed Gearing. Centrifugal Pumps and their 
£ffi<Mcncie<i. Tlic Use of Kerosene Oil in Steam Boilers. The Milling Machine as 
a Kulifititute for the Planer in Machine Construction. A New Method of Stocking 
iin<l lUi'ljfmiWni; Coal. A Ilailroad Bed for Bridge Structures. The Influence of 
Htiirnr upon Ceni(;ni, An IntcrcHtin^' Indicator Diagram. An Improveti Form of 
Shaft Governor. Proportioning^ Steam Cylinders. The Mechanical Significance of 
Ww.iiHiiy DeterminntionH of lubricants. An Electric Speed Recoixler. A Short 
Way to Ki'J'.\) Time and Cost. Estimating the Cost of Foundry Work. A Persistent 
Form of Gear T^ioth, A Plea for the Printing Press in Mechanical Engineering 
Hf.h'HAH. Surfarjc Condensers. Automatic Regulator for Heating Apparatus. A 
New Meth'xl of Inwrting and Securing Crank Pins. A Safety Car-Heating System. 
fJonn«;'rtlng R/m1«. Notes on Wanning Railroad Cars by Steam. Duty Trials of 
Pumping Kn^ineri. The KfTeet of Circulation in Steam Boilers on the Quality of 
Htcani, A Foundry CufKila ExiKirience. 'Ihe Best Form of Nozzles and Diverging 
TiiIm'h. Steam Kx<'avatorH. Strains in L^icomotive Boilers. Memoranda on the 
I't'tfnrmtiUfti of a ('omiH>un<l Engine. The Distribution of Steam in the Strong 
f,o''o»iollve. River Pm^'tire of Ihe West. Wire Rope Fastenings. The Displace- 
nientH and the Area (.'urves of Fish. Large and Enlarged Photographs and Blue 
PointH. 

Amkuican Hocikty op Naval Enoineeuh, Washington, To/. I., Ai?. 1.— Pro- 
greHHlve TrIalM of the Steam Barge of the Commandant of the New York Navy Yard. 
Duty and CatMieity Tests of the High Service Pumping Engines, Washington. 
Some Problems in Propulsion. Notes on Coals of the Pacific Coast. Increase of 
Horse- Power for a given Speed due to Foul Condition of Ship*8 Bottom. Notes on 
Quadrii|»le Expansion Engines, Steam Trialt*. Notes on the English Naval 



XI 

Manoenvrcfl. Particulars of H.M.S. " Orlando.'* Etc. Vol, 1., Xo. 2, May, 1889.— 
Phenomena attending Ship Propulsion. Coals of Alabama. Screw Propeller 
Action. Inspections and Tests of Steel Plates. Forced Draught Trials of U.S.8. 
" Yorktown.'' Formula for Diameter of Cylinders for Successive Expansions. Etc. 

AKNXJAIBE DB L'AsSOCIATION DBS iNGENIEUaS SOBTIS DB L'^COLE DE 

Liege, Cinquiemb. Serie, Tame IF., Xo. 1, 1889.— Enqu^te sur les habitations 
ouTri^res de la province de Hainaut. Note sur de nouvelles experiences faites sur 
la grisoutite. Note sur les nouveaux ezplosifs hydo-carbon^s. Etc. Tome II., 
No, 2. — Machines d'puisement Industrie du gaz d'eclairage. Geologic du Bas- Congo. 

L'AssociATiON DBS Ingenieurs, Li6ge, 1888.— Several Interesting Pai)ers. 

L' Association des Ingenieurs, Liege, September to December, 1888.— Several 
Interesting Papers on Engineering. 

Bulletin de L' Association des Ingenieurs sortis de L'Ecole de Liege, 
Vol. XIII., No8. 1 and 2. — Proch-rerbaux. Section de Charleroi: 8 Novembre 1888. 
—6 Decembre 1888.— 10 Janvier \%%9,— Section d'Anvert: 15 Novembre 1888.-29 
Novembre 1888.-13 Decembre 1888.— 27 Decembre 1888 : Projet de loi sur la colla- 
tion des grades acad^miques. — 17 Janvier 1889 : Examcn du projet de loi sur la 
collation des grades acad^miqnes. — Section de Mom : 7 Decembre 1888. — 25 Janvier 
1889. Annexe : Rapport de la Commission chargde d*^tudier le projet de loi sur la 
collation des grades acad^miques. — 8 F^vrier 1889. — Section de Liege : 30 D6cembre 
1888: Projet de loi relatif k Torganisation de Tenseignement superieur. Discussion 
et vote. — Location d*un local. — 13 Janvier 1887 : Commission du nouveau local. — 
L'^ectro-m^tallurgie de Taluminium. — La locomotive "Eclair." — 10 F6vrier 1889 : 
Projet de revision de 4'art. 34 des statuts, presents par M. Emile Picrard. — Les 
nouveaux fusils & r^p(^tition. — Annexe : Article 34 des statuts : Questions de con- 
oours. Projet de revision pr^ent^ par M. Emile Picrard. — Projet de loi de la Sec- 
tion oentrale sur la collation des grades acad^miqucs. — Nicrologie : Anatole Beau- 
jean, Emile Fastr^, Hyppolite Sampermans, Emile-Leon Lottin, Victor-Ernest 
Taillard, Camllle-Jules Mineur, Am^d^e Croquet, Walthere Heynen et Henry-Oscar 
Becker. No, S, May and June, 1889. 

Cleybland Institution op Engineers, Middlesbrough, 1887-8, No. 6. — 
Paper on Cupolas for Re-Melting Cast Iron. Discussion on the above. No. 1, Ses- 
sion 1888-89. — Annual Report and Balance Sheet. President's Address on Alloys 
and Metalloids, etc. Part 2. — Paper on the Cowles Process of Electrical Smelting 
and the Production of Aluminium. Part 3. — Forced and Assisted Draught as 
applied to Marine and other Boilers and other purposes. Part 4. — The Waste of 
Fuel and Possibilities of Economising same. A^o. 5, April, 1889. — Discussion on the 
Waste of Fuel and Possibilities of Economising same. Paper on the Race to 
Edinburgh. 

Transactions of the Canadian Society of Civil Engineers, Montreal, 
Vol, I., Part 1. — Grain Elevators of the Canadian Pacific Railway. Foundations 
of the St. Lawrence Bridge, Superstructure of the St. Lawrence Bridge. Warming, 
Ventilatiiig, and Lighting of Railway Cars. Water Purification. Part 2.— Con- 
struction of a Guard Lock at the head of Rapide Plat Canal. Snow Slides in the 
Selkirk Mountains. Notes on Petroleum as Fuel. A Partial Bibliography of Petro- 
leum. The Works on the River Missouri at St. Joseph. The Quebec Harbour 



ImproTOoienla, Etc. Vnl. II., Part 1.— The Telephone. Six-foi>t Wooden Conduit 
lor tlie Toronto Water Works. Concrete as ft eabstitutc for Masonry in Bridge Worl. 
C.P.R. Bridges over the Ottawa River at St. Anne imd Vnadreail. Codar Block 
Carriage Ways. Rlectric Lighting. Masonrj Arches. Etc. Vol. II., Part 2, 18B8, 
Montreal.— The Sewerage Sjatem of Vaneourer. The Evolution of Tol^rsphy. 
Construi^tinn of Toronto Sewtre. Coal Mining in Notb Scotia. A Mine Pomp 
working under a Heavy Preaanre. The Water Supply of the City of Charlotte- 
town, P.E.L 

ISSTITUTION OF Civil Knginebbb, London, Vol. 93, 1887-8, i'art 3.— Maa- 
ganese in its Application to Molallurgj. Same Ncwly-Diaeovered I'roperties of Iran 
and Manganese. Economy Trials of a Non-Condensfng Steam Kngine— Simpls, 
Compound, and Triple. Compressed Oil Gas and lis Applications. Paved CaniagB 
Ways in Sydney, Kcw Houth Wales. Discharges of Circular and Egg-form Sewen, 
On MachiDcry for the tfew Steci Works at Terni. Indian Woods suitabie for Ecgin' 
eering Purposes. Creoaoting Timber in New Zealand. The TiansmiBsion of Power 
to Great Distances by Compressed Air. Tlie Prevention and the Extinction of Fireh. 
Arched Ribs and Voussoir Arches, 

Vol. 9*. 168T-8, Part 4.— The Distribution of Hydraalic Power in 
The Tay Viaduct, Dundee. The Constraction of the Toy Viaduct, Dundee, 
of Temperature on the Strength of Railway Axles. A New Method of Investiga- 
tion applied to the Action of Steam Engine Governors. Varieties of Clay and 
their Distinguishing Qualities Cor Making Good Puddle. The BSeot of Boiling 
and of Wire-Drawing upon Mild Steel. On the Sewage Flow of Chiswick. On, 
Balancing or Overcoming the Effects i,( Poteign Currents of Telegraph Circuits. 
Pumping Machinery in the Fenland and by the Trcntitide. Railway Engineoring 
in the Prairies of British North America. 

Vat. 95, Part 1, 1888-89.— Friction -Brake Dynnmeters. The Withham No* 
Oatfall Channel and Improvement Works. On the Inliuence of Chemical Com- 
position on the Strength of Desacmer-Steel Tires. The Friction of Loeomotiva 
SlUIe-Valves. Preliminary Survey in New Cunntriea as exemplified in the Survey 
of Windward Hawaii. Rapid Surveying. The Practice of Surveying in the Anstra- 
losian Colonics. The Manufacture u( Oil-gas on the Pintach System, and itf appli- 
cation to the Lightingof Railvmy Carriages. Hurst's Triangular Prismatic Formula 
forEorthwork compared with the Prismoidal Formula. Alpine Engineering. The 
River Clyde. The Failutu of the Kali Nadi Aqueduct on the Lower Ganges CanoL 
The Reparation of Betchworth Tutinel, Dorking, on the London, Brighton, and 
South Coast Railway. The Permanent Way of some Railways in Germany 
in Austria-Hungary. The Speed-Trials of the laleat ndditiun to the Admiral OIbm 
of British War- Vessels. On the nsc of Heavier Rails for Safety and Economy fa, 
the Railway Traffic. 

Vol. 06, 1889.— The Compound Principle applied to Locomotives. The Trinchera*. 
Steep Incline on the Puerto, Cabcllo, and Valencia Railway, Venezuela. Cost cX 
Working the Hart* Mountain Railway. Further Information on the Working of 
the Fell System of 1*ractioa on the Rimataka Incline, New Zealand. Some Canal, 
River, and other Works in France, Belgium, and Germany. Economy Trials of 
Non-Condcnaing Steam-Eugine, Simple, Compound, and Triple. The Mount Wash- 
ington Railway, New Hampahire, U.S.A. Multipliers and Curves fur ascertaining 



I 
I 



the Dischar)fe. el^., nl various deptlis in the mme Scwcr. Utllir.atioD of the Motive 
Power of the River Rhone at Geneva. Stress DingramB of Solid Structures. Teat 
of a Weaiinghouse Engine. The Monte Viiloo Water Works. Etc 

INSTITITTIOK 01* EHOtNUEIla ASD SUtPBUlLDKRH IN SCOTLANU, UluSgOW, 

Vol. 31, 1SST-8.— President's Address. On an Indicat^ir as applied to Modern 
Steam Maohinerj. On an Improved Kireting Macbme. On Copper and Copper 
Castings. On Experiments on the Stren^rth of Copper Steam Pipes made at Lance- 
Seld. On the Construction of the Olnsgovv Citjr and District Bailwaf. On the 
Krection ot the Super^trncturc of the Forth Bridg:e. On Chambers's Unainkablo 
Semi-collapsible Life-boat. On the Stability of Yachta. On Liquid Fuel. On the 
Application o( Klectricitj to Portable Engineering Tools. On Collisions at Sea : 
How to Avoid and How to Minimise their Disastrous Results. On the Conatniction 
and Lajing of Two Lines of Submarine Pipes, 16 inches diameter, across the Bay 
of San FrancisoD, CniiCamia. 

GiORHALX DEL Qkhio CIVILE, lioma, G Parli, from Ma;, 188S, to Hay, 1889, 
inclnsive. — Several Interesting Papers on Civil Engineering and Public Works. 

GBMEIHTA^LICHE DARHTELHIND DB8 ElSENUCTTENWEBBNB, DUSSvUtorf, 

1889. 

TRAN8ACTI0NB OK TKB UDLL ASD DiSTBlCT Inbtitution OK Enoinbbbb 
AKD Naval Aeohiteotb, I'W. III., Session 1887-8, Hull.— Inaugural Address. 
Construction of Locomotives for the Hull and Bamsley Bailway. Notes on tbo 
Rules used Iot the Speed and Power ot StcainshipB. On some failures in Screw 
Shafting. On Improved Construction ot Stern and Kuddor Frames. An Enqniry 
into the most efficient method of further utilising Heat in the Marino Steam Engine. 
Dcleriuration of Marine Boilers. 

Iron ASD Steel Ikbtitbte, I^ndon, M. 1, 1888— President's Address, On 
Silioon and Sulphur in Cast Iron. On the Melting in Cupola Furnaces of Wrought 
Iron, or Steel Scrap, mixed witb Ferro Silicon. An Imperfection in Mild Steel 
Plates considered Chemically. On Water Qas as used for Metallurgical Purposes. 
On Conlinunus Moulding Machinery at the Works of M. Godin, at Guise, France. 
On tbe Manafactnrc and Treatment of Steel for Field Guns. On Steel Castings 
for the Manufacture of Guns. On the behaviour of Arsenic in Ores and Metal 
during Smeltingotid Purification Processus. On tbe Effect of Arsenicon Mild Steel. 
On a New Instrument for the Meaenremcnt of Colour, more especially as applied to 
the Estimation of Carbon in .''teul. A'o. 3, 1888.— On a Horiiontal Compound 
Lever Testing Machine of 1 5,000 Powers, with further Bccording Lever of 160,000 
Powers. On Mauganese Steel. On the Forth Bridge. Description ot a New Air 
Pyrometer. On the Chemical Process Involved in the Itnating of Iron. On the 
Mining and Uetalturgical Exhibits at the Glasgow Intemationnl Exhibition, On 
the Oil Shales of the Lothians. 

Tbe Ju^iob Enqihebhimcj Sooiett, London. — President's Address on "Tbe 
Dse ot Theory." 

LlVBBPOOL EUGISBBBINO SOCIBTT, Liverpool, Vol. 8.— The Flow of Water, 
Be«'er Ventilation. The Birmingbam Comiiresscd Air Power Scheme. Testing ot 
Steam Engines. Notes on Practical Electricity. Compound Engines fur Atlantic 
Steam Navigation. Tbe Coal Shipping Appliances of tbo Fort ot Liverpool, Art 



A Short BailwiL7 Jonra«r ill 
India. Piece Work m the Munnfacture of Plaat Bnd M»clunery, and in the Con- 
Btructlou of Ordinary Worka. 

JOCRSAL OV THE LIVKKPOOL POLTTKCHSIC SOCIETY, 50th Session. 1887.— 
AiIjuBt*blo CoSet Dbiob. Various Systems of Prerontinir Incrnfltations in Boilers. 
A JSevr Sjphon Eihauvt Pump and it^^ Practical Applicntbn to Sanitary Piir|M>ses. 
The Dseof Wrought Iron Mains for Conveying large Supplies of Water. Injectors. 
Etc, Elat Scseion, IBSS, — Electrical Sea Sounding Apparatus. Pulilic Hydmulic 
Power Supply, lite. Blst Ppssion, 1888.— Improved Dredging Bucket. Steam 
Generator. Ashcroft's Bafety ValTes. Wells' Light. New Pressure Qaoge. 
Floring's Packing Rings. Safety Bailway Couplings. Public Hydraulic Power 
Supply. Thermo-MotOT. Huddlestooe's InTentioo for Teaching Mosic Sphere 
Planimutcr. Air Propellers. Etc, 

TitB Midland Institctb nv Mininu, Civil, akd Mechanical Esuinee&s. 
Borusloy, Vel. IJ, Part 96.— Discuesion on Mr. H. B. Naah'a Paper on Foreign Bents 
and Itoyaltics. Discasstons on Mr. O. B. Walker's Papers on Hydrocarbon Ex- 
plosives. Fan Kxperimenta. MLniug in the Middle Ages. Vol. 11, 1886, Part 97. 
— Annual Report. Financial Statement. Discussions on Papers. Elc. Pari 9S, — 
On Tonite aa an Eiplosive wlicn used with a Fiame. Destroying Compound. 
Notes on Matters of Current Interest. Part !>!>. — President's Address. Federation 
and Mining Institutes. Mechanical Ventilators. Pari 100.— On Electri<uty as a 
Motive Power, with special reference to its application to Haulage in Mines. On 
an Elcotric Locomotion in Mines. Part 101, .January and February, 1889.— DiB- 
cuision on Mr. O. Blake Walker's I'niier on Electricity as a tlutivo Power, with 
special reference to its appliuatiun to Haulage in Mines. Part 102, March and 
April, 1889.— Adjourned Discossion on Mr. 0. B. Walker's Paper on Electricity as 
a Motive Power, and Mr. A. T. Snell's Paper on nn Eleetrie Locomotive for Mines. 
Discussion on the Federation of the Mining Institutes. On the Proposed Nicaragoan 
Canal and a New Type of Lock tor Ship Canals, by Q. B. Walker. Part 103, May 
and Jane, 1BS9.— Federation of Mmiog Institutes. Artificial Foundations. Elec- 
tricity us a Motive Power. 

Institution ov Mechanical Engikkbrb, London, February, IB8S.— On 
Irrigating Machinery on the Pacific Coast, On the Position and Prospects of Elec- 
tricity as applied to Engineering. May. 1888.— Description of Emery's Testing 
Machine. October, 1888. — Description of Emery's Testing Machine. Description 
of the Compound Steam Turbine and Turbo-Electrio Oeneralflr. Deaoription of 
the Bathmines and Kathgar Township Water Works. Report on Experiments on 
Double Riveted Lap and Butt Joints wade with Thicker Plalea and Larger Rii'ets 
closed nnder Heavier ProsEurcs, Series XIV. 2fo. 3. — President's Address. Descrip- 
tion of a Balanced or Aatomatic Slaiee (or Weirs. On the Latest Improvements in 
the Oluck. Driving Apparatus. Astronomical Telescopes. Description of Tram- 
ways and Rolling Stock at Guinncss's Brewery. Description of Frictloual Gearing 
used on a Double Steam Dredger in the Port of Dublin. Description of the Poit 
of Dublin. Description of New Island Lighthouse. A'a. 1, 1889.— On the Dso of 
Petroleum Rofosc as Fuel in Locomotive Engines. On Compound Locomotives. 
^ the latest Development of Roller Flour Milling. 
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Manchester Association of Enoinbeks. — The Technical Education of 
Engineers. The Thermo- Dynamic Analysis of the Gas Engine. Electric Lighting 
from Central Stations. The Economy of Health in Workshops. Ring Spinning 
Machinery. Modem Machine Tools. The Modem Cotton Carding Engine. Steam 
Boiler Legislation. Material Used in Boiler Construction. Locomotive Engines. 
Pipes for the Thirlmere and Bombay Water Works. Knop's Turbine. Ammonia 
Still, and Process of Manufacturing Sulphate of Ammonia, and Coke Oven and 
Ammonia Still. The Anderton Hydraulic Lift. On Four Large Steam Engines. Etc. 

Institution op Naval Architects, 1888, Vol. 29.— President's Address. 
The Application of Hydraulic Power to Naval Gunnery". Progress and Development 
of the Marine Engine. On some Recent Experiments with Basic Steel. On the 
Present Position occupied by Basic Steel as a Material for Shipbuilding. Descrip- 
tion of the Improvements of the River Tyne. On American War Ship Design. On 
Unaraioured Water Lines in War Ships. The Development of Modem Weapons 
considered in relation to the Designs of War Ships. Working and Test Pressures 
for Marine Boilers. On the Possible Advantage of using Highly Volatile Liquids in 
lieu of Water for the Purposes of Propulsion. On the Fineness of Vessels in rela- 
tion to Size and Speed. On a Method of Approximately Determining the Mean 
Girth of a Ship. On Forced Draught. Boilers under Forced Draught on the Closed 
Stokehold System. On the " Constant" System of Notation of Results of Experi- 
ments on Models used at the Admiralty Experiment Works. A Theory of the Screw 
Propeller. Communication relating to the Results of Experiments with Four and 
Two Bladed Screw Propeller. On Proposed Designs for Surface Boats and Diving 
Boate. Notes on the Influence of Size and Speed on Collisions at Sea. 

North op England Institute op Mining and Mechanical Engineers, 
Newcastle, 1888, VoL XXXVIL, Pari 77^.— Council Report, List of Members, &c. 
Pari V. — Mechanical Ventilators. Explosion of Air Receiver at Ryhope. Steel 
Supports in Mines. A Contribution to our Knowledge of Coal Dust. Barometer 
and Thermometer Readings. On the Variations of the Volume of Fire-damp given 
off by a Working District. 

Newcastle and District Association op Foremen Engineers and 
Mechanical Draughtsmen.— 17th Annual Report. 

Philosophical Society, Glasgow, Vol. 15.— Factory Industry and Socialism. 
The Technical Schools (Scotland) Act, and some of its Kelations to Elementarj' and 
Higher Education. On the Modern Cell Theory and the rhenoraena of Fecundation. 
Some Early Treatises on Technological Chemistry. The Heeling Error of the 
Compass in Iron Ships. Public Museums as Aids of Teaching. On the Training of 
Architectural Students. Greek Thomson. Early Sculpture in Scotland. On the River. 
Biographical Notice of the late Dr. Andrew Fergus. On the Spi-ead of Enteric Fever 
and, possibly, Diphtheria in Rural Districts by the use of City Manure for Agri- 
cultural Purposes. Some Important Points in the Sanitary Work of a great City. 
On a New Composite Electric Balance. The Constitution and Course of the Money 
Market on the Measurement of Electric Currents by the Electrolytic Deposition of 
Copper. On Noxious Vapours and Town Smoke, with Suggestions on House 
Warming. A Set of New Ring-off Instruments for Telephone Exchanges. On some 
of the Social and Economical A8{)ccts of the Land Question in Wales. American 
Currency. On an Improved Foim of Seismograph. A Demonstration Bacteriology, 
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ulastrativc of the Mode of Growth and CuUivation of Ukro-organisms found in 
Sartb, Air, and Wntcr; cmhraciug also some of thoac whioh girc rise to Jinaue. 
The Duloitore. On the Application of Wind Power to the Oeneration and Storage 
of Electricitj. On the Electrical Besistaace of Slate and Marble and other Hate- 
rials, with Reference to their Use in Electric Light Fitting:-. 

Tub Royal Doblin Society, Dulilin, Vol. S, Seriet 2. — The Echicodenn Fauna 
uf the Island of Cejlon. Vel. 1, Seriei 2.— On fossil Fish Bemains from the Tcr- 
tiarj and Crciacedlertiary FouudatiouB of New Zeahind, 11, A Monogmph on 
MaHnc nnd Freshwater Ostrscoda of the North Atlantic and of North Western 
Europe. 111. Observations on Jupiter. IV. New Determinatioa of Latitude ol 
Dunsink Obserratory. V. A Kevision of the British ActLniie. Vvl, 6, Part 7.— Note 
on Submerged Peat Mosses and Ticea in certain Lakes in Connanght, Lisbellan 
Conglomevate, County Fermauaeharid Chesil Bank, Doraetshirc. Arenaceons Bocks, 
Sands, Sandstuncs, Qrils, Conglomerates, Quarts Bocka. and Quartzites. On a 
Separating Apparatns for D»c with Hcav; Fluids. On a Modification of Sprengel'a 
Apparatus for Dctennining the Specific Gravity of Solids. Analysis of the Berjli 
of Olencullen, Cnantj Wicklow. Purl 8.— Deal Timber in the Lake Bosimi aud 
Peat Bogs of North-East Donegal. Gravel Terraeea, Valleji! of the Mouroe, Strule, 
and Foyle, Counties Tyrone and Donegal. On the Inversion of Centrobaric Bodies, 
On a Mechanical Method of Converting Hour-Angle and Declination into Altitude 
ATid AKinuth, and of Solving other Problems in Spherical Trigonometry. Chi 
Twisted Copper Wire. On the Effect of Continental Land in Altering the Level of 
the Ocean. Vol. 6, Part 1.— A Contribution to the History of Flinla. On Irish 
Arenaceous Boeks. Review of DoUrn's Tlicurior un the Origin of Vertebtstes. J\n-t 
3.— On the Motion of a Body near Points of Dnstablc Equilibrium, and on the same 
when capable of Internal Vibration. On the Luimr Eclipse of January 2Slb, 1668, 
On thcBliapeof (he Barth'a Shadow Projected ou the Moon's pise during the Partial 
Phases of sn Eeiipsc. An Apparatus for Seiiaraling the Mineral Constituents of 
ILocks. On a Metlioil of Deteriuiuing the Specific Gravity of Substances in the 
Form of Powder. The Discovery of Two Carboniferous Outliers on Slieve Leagne, 
Oountj Donegal, Note on Lome Ejecta of the Hot Springs of Tarawara, New Zea- 
land, formed lincc the Esrlhqiuiko of 23rd June, ISSfi. Slates and Cloys (Bricks, 
etc.). Note 'm a Rcroaikalilc Incrcasu of Magnetic Bnsceptibilily produced bjr 
Heating Mangauose Steel Pilings. On a Convenient Method of Obtainiug any Be- 
qoired Electrical Potential for Use in Laboratory Teaching, Part 3.— RemarfcB on 
Sargartia Venuata, etc. Ou the Mensurtment of Small Pressures, On the Control 
Supply Pipes have on Beeils. On the Arrangement of the Mesenteries in the genns 
Sargartia. On the Slates and Clays of Ireland. Part 4,— Granite, etc. Forma- 
tioiis of Orystjils of Carbonic Oxide, etc. Preliminary Observntiooa oo the Granites 
uf Wicklow and Down. On the Direction of Ice Flow in Ireland. Part 6, — 
Acconut of Boda, Oranite, etc., in Wicklow. On the Dolconitc of Howlh. On the 
Oeodine Genera. On the Occurrence of Pallas's Band Grouse. On the Geological 
nncanformabilities. Note on the Origination of Turbulent Motion in ViscoUB 
Liquids. Note on do. Recent Physical Questions of Geological Interest. On the 
Temperature of the Water of Ballynoe Springs. Notes on Bunodes, Thallia, etc. 
On the Determination of the Absolute Expansion and the Densities of Liquids. 
Note on Japanese Clocks. On the Economic Geology of Ireland, Tables (or the 
Easy Conversion of British into Metrical Measure, 
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South Wales Institute op Enoinebbs, CardiflE, Vol. 16, No. 1. — 
Vaughton*8 Electric Miners* Safety Lamp. Description of the Barry Dock and 
Railways. Ferret's Furnace or Water-cased Grate for burning Dust Fuel. No. 2, 
November, 1888. — Discussion on Ferret's Water-cased Grate for Burning Dust 
Fuels. Endless Rope Haulage. Sinking Appliances at Llanbradach. Application 
of Electricity to Underground Haulage. No, 3, March, 1889. — Discussion on Appli- 
cation of Electricity to Underground Haulage. Discussion on the Hydro-Dynamic 
Pump. An Expansion Joint for Air, Steam, and Water Pipes. Apparatus for 
Automatically Controlling Bessemer Steel Converters and Centre Cranes, etc. Also 
Bye-Laws and Regulations, revised March, 1889. 

Pboceedinos of the United States Naval Institute, Annapolis, M.D., 
Vol. XV., No. 1, 1889. — Naval Reserves and the Recruiting and Training of Men. 
Sheathed or Unsheathed Ships ? Naval Coast Signals. Notes on the Literature of 
Explosives. Progressive Naval Seamanship. Etc. No. 2, 1889. — Outline of a 
Scheme for the Naval Defence of the Coast. Collisions at Sea. Right of Way at 
Sea. Notes on the Literature of Explosives. Domestic Steel for Naval Purposes. 
Cruise of the U.S.8. " Vandalia." On the Efficacy of Oil for Subduing the Violence 
of Broken Water. Etc. No. 3. — Recollections of the Mexican War. Naval Ad- 
ministration. Comparison of Hotchkiss and Hebler Rifles, with Arguments favour- 
ing the Reduction of Caliber. No. 4. — The Necessity and Objects of a Naval War 
College. Notes on Steel Inspection of Structural and Boiler Material. An Essay 
on the Tactics of the Gun as Discoverable from Type War Ships. A Study on 
Fighting Ships. Naval Administration. A Proposed System of Messing the Crews 
of our Men-of-War. Notes on the Literature of Explosives. Professional Notes. 
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Baines, Geo. Henry, Messrs. Centml Marine Engineering Co., West 

Hartlepool ... ... ... ... ... ... ... ... (E) Oct. 1888 

Baird, Alex., 22, Horsford Road, Brixton Hill, London, S.W. ... (E) Nov. 1884 

Barclay, James, Lloyd's Register of Shipping, Newcastle-on-Tyne...(SU R) Nov. 1888 
Barley, C. J., Caterham Manor, Warlingham Station, (Graduate, Feb. 1885 

Surrey (E) (.Member, Dec. 1886 

Barron, T. G., Fern Villas, Elwink Road, West Hartlepool ... (E) Oct. 1888 
Bartliboi. Jchangir Fraraji, Bombay, British India (temporary 

address: 1, Olive Street, Sunderland) (E) Dec. 1888 

Bate, Edward R., 5, Ferndale Road, Clapham, London (E) Jan. 1885 

Batcy, John Thomas, iiO, Richmond Street, Newcastle-on-Tyne ... (S) Nov. 1885 

Baxter, J., 9, Warwick Street, Heaton, Newcastle-on-Tyne ... (E) Nov. 1884 

Baxter, W. J (E) Oct. 1886 

Beadon, D. C. * (E) Jan. 1885 

Bell, James, 29, Croft Terrace, Jarrow-on-Tyne (E) Feb. 1887 

Bell, William, Rosehill Terrace, Rosehill, Wallsend-on-Tyne ... (E) Nov. 1888 
Bergstrom, Gus.. Poplar Grove, Hart Road, West Hartle|>ool ... (N A) Mar. 1886 

Berkley, A. B., Grange Villa, Jarrow-on-T^-nc (E) Mar. 1887 

Bindcsboll. S. C. W., I, Tamworth Road. Ncwcastlo-on-Tyno ... (S) Nov. 1884 

Bittleston. W. H.. 9, Crooms Hill, (ireenwich, S.E (S) May 1885 

Black. Jas., Portobello Foundry, Sunderland .. (E) Jan. 1885 

Black. J , Messrs. J. Merry weather & Co.. West Hartlepool ... (E) Nov. 1888 

Black, Wm., Messrs. Black, Hawthorn, k Co.. Gatcshead-on-Tyne (E) Jan. 1885 

Blakst(m. J. W., 5. Douro Terrace, Monkwearmoutb, Sunderland... (S) .Ian. 1886 
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Blechyndeu, Alfred, 12. Caveuilisli Park, Barrow-iu-FurnesH ... (E) Oct. 1885 

Blenkinsop, John N (E) Oct. 1885 

Blumer, Wm., Riversley, Milbum Terrace, Suuderlaud (S) Dec. 188tJ 

Boddy, John, Tyne Engine Works, Alexandra Dock.s, Newport, Mon. (E) Dec. 1888 

Bond, C. P. W., 27, Leadeuliall Street, London, K.C (E) Nov. 1888 

Bone, W. J., 61, Linskill Terrace, North Shiekb* (S) Dec. IS84 

Boolds, Jaii. H., c/o Messrs. Raylton Dixon k Co., Middlesborough (S) Oct. 188G 
Borowski, G., Government Dock Yanl, Chcrson^s Depart., 

Nicolajew, Russia (E) Oct. 1885 

Boyd, Wm., North House, Loufc Benton, Newcastle-on-Tyne ... (E) Nov. 1884 

Bramwell, Balfour, 2, Beverlev Terrace, CuUercoats (E) i .. » *^ • 

•' ^ ^ t Member, Nov. 1887 

Brankston, Ri T (E) Nov. 1884 

Bray, C. H., 6, Kent Street, Jarrow-ou-Tync (E) Mar. 1887 

Bremberg, G., Messrs. Kockum's Mekauiska, Vcrkestad, Malmo, 

Sweden (S) Nov. 1884 

Brock, John, 6, St. Mary's Place, Newcastle-on-Tyuc (E) Nov. 1885 

Brough, Robert, 9, Western Hill, Sunderland (E) Dec. 1885 

Brown, Eugene (E) Feb. 1886 

{Graduate, Mav 1885 
Member, Oct. 1886 

Brown, William (E) Aprill887 

Brown, E. D., c/o Tees Conservancy Commissioners, Middlesborough ( E) Nov. 1888 
Browne, Sir B. C, Westacres, Benwell, near Newciistle-on- Tyne (C E) Jan. 1885 

Buchanan, A., Michaelson Villa, Barrow-in-Furness (S) Nov. 1884 

Buchanan, John H., Lloyd's Register of Shipping, West Hartlepool (SUR) Oct. 1888 

Buchanan, Charles, 14, Humbledon View, Sunderland (SUR) April 1889 

Buckland, H. B., Hamburg Chambers, Quayside, Newcastle-on-Tyr.c (E) Nov. 1885 

Baglass, A. W Xov. 1884 

Buhner, John, 1, Graingcrville North, NewcAstle-ou-Tyue .,. (E) Mar. 1886 

Burdon. J. G., 20, Archbold Terrace, Ncwcastle-ou-Tync (E) Nov. 1884 

Burns, J., 3, Kaiser Terrace, West Hartlepool Nov. 1884 

Butterfield, George, 30, John Candlish Road, Millfield, Sunderland Nov. 1884 

C. 

Cama, Nusscrwanji Bomanji, 17, Girgaum Back Koad, Bombay, 

British India (E) Dec. 1888 

Campbell, James J., Messrs. Hawthorn, Leslie, & Co., St. Peter s, 

Newcastle-on-Tyne (E) Oct. 1888 

Cannell, Frank, Messrs. H. Parry & Son, Lisbon (E It S) Nov. 1887 

Carr, J. W., 4, Grey Street, North Shields (E) Feb. 1885 

Carrick, H., Holly House, Gateshead-on- Tyne (E) Nov. 1884 

Carstons, Samuel, 37, Cardigan Terrace, Heaton, Newcastle-on-Tyne (S) Dec. 1887 

Carter, G. J., Blswick Shipyanl, Newcastle-on-Tyne (S) Dec. 1886 

Carter, Thos., 7, Dundas Street, Monkwearmouth, Sunderland ... (E) Nov. 1884 

Cay, Arthiu-, Westoe, South Shields (E) Nov. 1884 

Chapman, Abel, Capt., Belle Vuc, Low Fell. Giiteshead-on-Tyne... (E) Nov. 1S84 
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Chapman, Alfred C, 2, St. Nicholas' Buildings, Newcastle-on-Tyne (E) Oct. 1888 

Chapman, Hedley, 147, Park Road, Newcastle-on-Tyne (E) Feb. 1886 

Charlton, Henry. 1, Millticld Terrace, Gat<shead-on-Tyne (E) Nov. 1884 

Charlton, R. B., Jun., Manors Railway Station Works, Newcastle- 
on-Tyne (E) Not. 1884 

Charlton, T., 25, Lincoln Street, Gateshead-on-Tyne (E) Nov. 1884 

Christie, C. A., 4, Col beck Terrace, Tynemouth (E) Nov. 1884 

Christie, C. J. D., Neptune Works, Low Walkcr-on-Tync (S) Nov^ 1884 

Christie, J. D., 4. Colbeck Terrace, Tynemouth (S) Nov. 1884 

Clark, (leo., Southwick Engine Works, 8underlan4 (E) Nov. 1884 

Clark, George, Jun., Southwick Engine Works, Sunderland ... (E) Feb. 1888 

Clark, Henry, Southwick Engine Works, Sunderland (E) Oct. 1887 

Clarke, Thos., Rye Hill, Newcastle-on-Tyne (E) Nov. 1884 

Clarke, William, Victoria Engine Works, Gateshead-on-Tyne ... (E) Oct. 1887 

Cochrane, James, 25, Ad uana, Cadiz, Spain (E) Nov. 1888 

Council, Charles, 2, Broomhill Drive, Partick, Glasgow (S) Nov. 1888 

Conning, Alfred C, Dunston Iron & Steel Works, Gateshead-on-Tyne (F W) May 1885 

Conriidi, Carl (E) Nov. 1884 

Cooper, William, Baltic Chambers, Quayside, Newcastle-on-Tyne (E) Feb. 1888 
Coote, Arthur, Messrs. R. & W. Hawthorn, Leslie, & Co., Hebbum- 

on-Tyne ... ... (S) Nov. 1884 

Cornforth, J., Messrs. Gladstone & Comforth, Church Street, West 

Hartlepool (E) Oct. 1888 

Cornish, H. P., e/o Messrs. Wigham Richardson & Co., Low Walker- 

on-Tyiic (E) Oct. 1888 

Cowan, M., 22, Clarendon Terrace, South Shields (S) Mar. 1889 

Craggs, Ernest H., Messrs. R. Craggs & Sons, Middlesborough ... (S) Oct. 1888 
Cmwford, Ja8.,i>, Custom House Court, Quayside, Nowc{istle-on-Tyne(SUR) Nov. 188(5 

Crawford. John P., 1, St. Vincent Street, Sunderland (E) May 1889 

Crawford, W. A. F., c/o Messrs. Rayne ic Crawford, 31, Close, 

Newcastle-on-Tyne (E) Nov. 1884 

Cross, Wm., 4, Fenham Terrace, Nowcastle-on-Tyne (E) Mar. 1886 

Cruddas, W. D.. Messrs. Sir W. G. Armstrong, Mitchell. iV: Co., 

Elswick, Newcastle-on-Tyne (E) Dec. 1884 

Cuevel, John L., Kadyk. Amsterdam (E) Mar. 188<» 

Cummins, W. K., 40. Perth Road, Dundee (E) Nov. 1884 

Curwen, Henry U., 1C>, De Grey Street, Newcastle-on- /-Graduate, Feb. 1886 

Tyne (S) (.Member, Oct. 1887 

D. 

Dalrymple, Wm., 11, Queen's Terrace, Gateshead-on-Tyne ... (E) Dec. 1886 

Danson, Tlios. James, 3, St. Nicholas' Buildings. Newciistle ... (E) Oct. 1888 

Darling. W. J., Lloyd's Surveyor. Leitli (S) April 1887 

Daniey, John. Messrs. Short Bros.. Pallion. Sunderland (S) Nov. 1884 

Davie. All)ert, c/o Messrs. W. Denny & Bros., Leven Ship- /(Jraduatc, Feb. 1886 

yard, Dumbarton, N.B (E) ^Member, Oct. ISM" 

Davison. A. J.. Rosc«lalr, Wallw<MKl K(»;ul, I/«*ylonstonc, Kvsox ... (E) (kii. 1S8S 
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Davison, John, 4, Dean Terrace West, Soathwick, Sunderland ... (E) Not. 1884 

Daylson, John W., The Crescent, Low Fell, Gateshead-on-Tyne ... (E) Nov. 1886 

Dempsy, 8., 112, Elswick Road, Newcastle-on-Tyne (S) Nov. 1884 

Derby, J. W., 48, South Cumberland Street, Glasgow (E) Nov. 1884 

Dick, Francis, Ehnwood Terrace, Field Road, Forest Gate, London, E. (E) Nov. 1885 

^. , . ^ ^ « , ,, „ , , , ,-v (Graduate, May 1885 

Dickinson, F. T., Park House, Sunderland (E) i„ , ^ ,«„« 

^ ^ V Member, Oct. 1886 

Dickinson, James, Park House, Sunderland (E) Nov. 1884 

Dickinson, John, Park House, Sunderland (E) Nov. 1884 

Dickinson, W., Park House, Sunderland (E) Nov. 1884 

Dickinson, R. E., Messrs. Palmer's Iron & Shipbuilding Co., Jarrow- 

on-Tyne ... ... ... ... ... ... ... ... (E) April 1889 

Dixon-Brown, L. D., Uuthank Hall, Haltwhistle (S) Nov. 1886 

Dixon, Raylton, Cleveland Shipyard, Middlesborough (S) Feb. 1888 

Dobson, William, Low Walker-on-Tyne (S) Nov. 1888 

Donald, James, 48, St. Luke's Terrace, Pallion, Sunderland ... (S) Nov. 1884 
Donovan, J. W., 4, Elizabeth Street, Newcastle Road, Sunderland (E) April 1885 
Douglas, John F., Messrs. Wigham Richardson k Co., Low Walker- 
on-Tyne (E) Jan. 1888 

Dowsen, Chas., 8, Croft Terrace, Jarrow-on-Tyne (E) Dec. 1885 

Doxford, Charles D., Bainbridge Holme, Tunstall Road, Sunderland (S) Nov. 1884 

Doxford, R. P., Pallion Engine Works, Sunderland (E) Nov. 1884 

Doxford, W. T., Pallion Shipyard, Sunderland (S) Nov. 1884 

Drakenbeig, J. A., 5, Brahegatan, Stockholm, Sweden (E) Feb. 1886 

Duckitt, Jno., 4, St. Nicholas' Buildings West, Newcastle-on-Tyne (E) Nov, 1884 

Dudgeon, F. S., 112, Fenchurch Street, London, E.C (E) Feb. 1885 

Dnnlop, William, 31, Hartington Street, Barrow-in-Furncss ... (E) Mar. 1888 

Dykes, James, 78, Dilston Road, Newcastle-on-Tyne (E) May 1885 

E. 
Eckmann, John, Sunderland Engine Works, South Docks, Sunderland (E) May 1886 
Edmiston, Jas. B., Ivy Cottage, Highfield Road, Walton, Liverpool (E) Nov. 1886 
Eiles, Robert, Messrs. Eiles k Dryden, 4, Quayside, Newcastle-on-Tyne (E) Apr. 1889 

Elliott, Consitt, 4, Suffolk Street, Sunderland (E) May 1885 

Eltringham, J., o/o Messrs. J. T. Eltringham & Co., South Shields (E) May 1889 
Engelbach, Herbert R., Messrs. Sir W. G. Armstrong, Mitchell, & 

Co., Elswick Works, Newcastle-on-Tyne (E) Nov. 1884 

English, E. Harold, Messrs. Westgarth, English, k Co., Middlesbro' (E) Feb. 1889 

Errington, Joseph R., 51, Dock Street East, Sunderland (E) Jan. 1888 

Eshelby, William, 4, Lax Terrace, Stockton-on-Tees (E) Feb. 1888 

Evers, G., Actiengesellschaft Wesu, Bremen, Germany (S) Nov. 1884 

F. 

Fairman, A. E., 23, St. Bede's TeiTace, Sunderland (N A) Oct. 1886 

Fairweather, C. W., Ernest Scott & Co., Close, Newcastle-on-Tyne (E) Dec. 1886 
Farina, A. J., Oakwood HousCjWcstmorlaud Road, Newcastle-on-Tyne (E) Nov. 1884 
Faruflini, Capt. M. C, 6, Claremout Terrace, Newaistlc-on-Tyne... (N A) Dec. 1888 

Feldtmann, H., Bergen, Norway (E) Jan. 1889 

D 
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Firtb. H. BrmnKHi. Messni T. Firtb k. Sons, ShdBeld (S M) Oct. 1888 

Fleming. Chftrle? Edward. 71. Elsvick Road. Xewcastle^n-Trne... (E) Not. 1884 
Fletcher. James, 6. Radnor Temce.CMd Dumbarton Road« Glasgow (E) Dec. 1885 

Fletcher. Robert. Walker Forge, Low Walker-on-TVne (F M) Dec 1886 

Flohr. Justus, 32, Blrkenoellies. Stettin. Germanj (E) Oct. 1886 

Foley. Kekon. Villa Beatrice. Parco Griffeo, Naples. Italy ... (E) Nov. 1884 

Forbes, John ... ... ... ... ... ... ... ... (E) Oct. 1885 

Forster, C, 6, Ellison Place. Xewcastle-on-Tync (S) Not. 1888 

Foster. G. B.. 23. Holly Street, Jarn>w-on-Tyne (E) Jan. 1886 

Faster. Henry. Xewbum Steel Works. Ncwbnm-on-Tyne (E) April 1885 

Fothergill. J. R.. 1. Bathgate Terrace. West Hartlepool (E) Mar. 1886 

Fownes, Henry, Tyne Forge. Ousebnm. Xewcastle-on-Tyne ... (F W) Not. 1884 
FraDki, J. P.. Messrs. Morts Dry Dock & Engineering Co., 

Sydney. N.S.W.. Aostralia ^. (E) Jan. 1886 

Fameanz. J. B., Victoria Engine Works, Gateshead-on-Tyne ... (E) Not. 1885 
Famess, John, 11, Oakhnrst Terrace. Benton, near Newcastle- 

on-Tyne ... ... ... ... ... ... ... ... (E) Not. 1885 

Farse, Fred.. Messrs. R. k W. Hawthorn. Leslie, tc Co.. St. Peter's, 

Newcastle-on-Tyne (E) April 1887 

G. 

Gannaway. H. G., 17, Caroline Street, Jarrow-on-Tync (S) Not. 1884 

Garratt. H. A., c.o Mr?. Henderson. Long Benton, Newcastle- fGraduate, Not. 1884 

on-Tyne (E) ^Member. Not. 1886 

Garthwaite, John B., c/o Messrs. R. Ropner k Sons, Stockton-on-Tees (S) May 1889 

GaTner, Robt. H., Jun., Beech Holm, Sunderland ... (E) i .. , ' * « 

' ^ ' i Member, Oct. 1888 

Geddes, Christopher, Messrs. Leeds Forge Co., Leeds (E) Oct. 1888 

Gibson, H., 6, Dundas Street, Monkwearmouth, Snnderland ... (S) Not. 1884 

Gibson, W. F. ... ... ... ... ... ... ... ... Nov. 1884 

Gibson, W. H., 37, Tatham Street, Sunderland (E) Not. 1884 

Gilroy, Thomas R., Messrs. Laird Bros., Shipbuilders, Birkenhead (E) Nov. 1886 

Gladstone, Arthur, Messrs. Gray k Gladstone, West Hartlepool 

Rolling Mills, West Hartlepool (I It S M) Oct. 1888 

Glencross, Thus.. 11, Ryehill, Newcastle-on-Tyiic (E) Feb. 1885 

Glover. Terrot, 6. Azalea Terrace. Sunderland (E) Mar. 1886 

Gordon, William James, 74, Old Dumbarton Road, Glasgow ... (E) Oct. 1887 
Graham, Edwin, Messrs. Osborne, Graham, k Co., Hylton, Sunderland (S) Nov. 1884 

Graham, Joseph, 32, Bror^kland Road, Sunderland Nov. 1884 

Graham, T. S., 11, Brougham Street, Hartlepool (E) Nov. 1888 

Graham, Wm (S) Nov. 1884 

Graven, John, Custom House Court, Quay, Newcastle-on-Tyne ...(SUR) Nov. 1884 
Gray, A., c/o Messrs. R. Stepliouson k Co.. South Street, Kewcastlc- 

ou-Tync ... ... ... ... ... ... ... ... (E) Nov. 1888 

Gray, George, 13, Harold Street, Sunderland (E) Feb. 1888 

Gray, Harry, G, (Jrosvenor Place, Jesmond, Xcwcantle-on-Tync ... (E) Dec. 1885 

(Jray, Matthew, Messrs. W. Gniy iV: Co., West Hartlcixiol (S) 0«i. 1S88 
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Gray, William, Messrs. W. Gray & Co., West Hartlepool ... (S $t E) Oct. 1888 
Green, W. G., Messrs. Palmer's Iron and Shipbuilding Co., Jarrow- 

on-Tyne (E) Nov, 1884 

Green, William, c/o Messrs. Barrow Shipbuilding Co., Barrow-in- 
Furness ^ (E) Oct, 1886 

Greener, G. W., 110, George's Road, Newcastle-on-Tyne (E) Nov. 1884 

Grey, James Nov. 1884 

Grieves, Robert, 38, Linskill Terrace, North Shields (S) \ ^™^"*^' ^^^- ^^®* 

* ^ I Member, Dec. 1886 

Gnlston, A., Clayton Park Lodge, Jesmond, Newcastle-on-Tyne ... (E) Dec. 1884 

H. 

Hake, G. A., 29, Rothbury Terrace, Heaton, Newcastle-on-Tyne ...(SUR) Oct. 1888 

Hall-Brown, E., 15, Moor Terrace, Hartlepool (E) Nov. 1888 

Hall, Edward, Astellos del Navion, Bilbao, Spain (S) Nov. 1885 

Hall, J. Percy, Mayfield Villa, Jarrow-on-Tyne (E) Oct, 1886 

Hall, John W., Abden Shipyard, Kinghom, N.B (S) Oct. 1887 

Hamilton, John, 81, Charlotte Street, Carlisle (E) Nov. 1886 

Hamilton, J. H., 61, Lovaine Place, Newcastle-on-Tyne (E) Nov. 1888 

Hamilton, R.R., Messrs. Maudslay, Sons, & Field, Lambeth, London (E) Nov. 1884 

Hansen, F, T„ Rose Cottage, Willington Quay-on-Tyne (E) Nov. 1884 

Harding, J. C, 9, Alderson Street, West Hartlepool (E) Nov. 1884 

Hardwick, T. Norman, 140, Ryehill, Newcastle-on-Tyne (E) Dec. 1888 

Hardy, Arthur Francis, 20, Hartington Street, Barrow-in-Furness (S) Oct. 1887 

Harkness, Richard, 9, Meldon Terrace, Heaton, Newcastle-on-Tyne (S) Nov. 1884 

Harlow, F., 1, Clarence Crescent, Newcastle-on-Tyue Nov. 1884 

Harman, Bruce, 12, Annfield Terrace West, Partick, Glasgow ... (E) Oct. 1886 

Harper, J. H., 1, Beaumont Street, North Shields (E) Jan. 1885 

Harrold, Alexander, 19, La wton Street, Newcastle-on-Tyne ... (E) Nov. 1884 

Harrold, F., 14, Rowell Street, Hartlepool (E) Nov. 1888 

Hartness, J., East Boldon, near Sunderland (E) Nov. 1884 

Harvey, Alfred, Messrs. Darlington Forge Co., Darlington ... (E) Dec. 1888 

Harvey, John W. L, Richmond Villa, Chertsey Road, Bristol ... (E) Feb. 1889 

Haswell, Robert, 137, Albert Road, Middlesborough (S) Dec. 1888 

Havelock, Michael, Commercial Chambers, Side, Ncwcastle-on-Tyne (E) Dec. 1887 

Haver, Arthur H., 15, Howarth Street South, Hylton Road, Sunderland (S) Nov. 1884 

, . , , ^ 1^ , T, , ,r , , . ,-v TGraduat^, Nov. 1884 

Head, Archibald P., Coatham, Redcar, Yorkshire- ... (E) i„ , ^ x ,oo^ 

V Member, Oct. 1887 

Headlam, Robert, 5, Edward Street, Stockton-on-Tees (E) Nov. 1886 

Heck, John H,, Lloyd's Registry, Newport, Monmouthshire ... (S) Nov. 1885 

Helyer, A. J., Germania Werft, Gaarden bei Kiel, Germany ... (S) Oct. 1887 

Henderson, George, 54, Westmorland Road, Newcastle-on-Tyne ... (E) Nov 1884 

Henderson, Robert, 4, Church Street, Hcbbum-on-Tync (S) Nov. 1884 

Hepburn, Alex., Grosvenor Place, Jesmond, Newcastle-on-Tyne ... (E) Dec. 1885 

Hepple, William, Slipway, North Shields (E * S) Oct. 1885 

Hildrey, A. J., 11, Chester Street, Sunderland (S) Nov. 1884 

Hill, Maxwell, Messrs. Palmer's Iron and Shipbuilding Co., Jarrow- 
on-Tyne ... ... ... ... ... ... ... ... (S) Nov. 1884 
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Hill, MaxweU, c/o Meflsn. J. k. O. Thompson, Clydebank, Glasgow (S) Not. 1887 

Hinrlhaugh, C. W^ 59, Bedford Street, North Shields (S) Nov. 1884 

Hindaon, William, Bensham Lodge, Chiteshead-on-Tyne (E) Not. 1884 

Hirst, Richard, 4, CleTeland Road, North Shields (E) Not. 1885 

HOk, Wilhelm, Deptford Shipyard, Sunderland (S) Oct. 1886 

Holmes, John H., Portland Boad, Newcastle-on-Tyne (E) Jan. 1888 

Homji, A. C. N., 13, Trinity Street, Dhobie, Talao, India (E) Not. 1884 

Hooper, Ernest, 23, Whitehall Terrace, Sanderland (E) Not. 1885 

Hunter, George B., Messrs. C. S. Swan, Honter, k Co., Wallsend- 

on-Tyne ••• (S) Not. 1884 

Hunter, J. W., 9, Alice Street, Sanderland (E) May 1885 

Hunter, Summers, Rosehill Terrace, Howdon-on-Tyne (E) Not. 1885 

Hutchinson, C. W., 52, Westmorland Road, Newcastle-on-Tyne ... (E) Not. 1884 

Hymers, Richard, 197, Norfolk Road, Byker, Newcastle-on-Tyne (E) Mar. 1887 

I. 

In^lis, John, Messrs. Ramatre & Fei^guson, Leith (S) April 1887 

Infrlis, John, Jun., Pointhouse Shipyard, Partick, Glasgow ... (E) Oct. 1886 

Irwin, J. H., Sunderland Engine Works, South Docks, Sanderland (E) Nov. 1884 
Irwin, Thomas F., 2, Tower Chambers, Old Churchyard, LiTer- 

pool (CEIkNA)Mar. 1888 

J. 

Jackson, Vincent, 19, Regent Street, Hartlepool (S) April 1888 

.Jacknon, A., 22, Ward Street, West Hartlepool (E) Nov. 1888 

James, M. C, c/o Messrs. Robert Stephenson k Co., Ld., Engineers 

and Shipbuilders, Hebbum-on-Tyne (S) Nov. 1884 

Jamiewin, John, 26, Azalea Terrace South, Sunderland (E) Nov. 1885 

Joblin^r, J. C, 1, Brandling Place West, Newcastle-on-Tyne ... (E) Nov. 1884 

Joblinj,', W. J., Queen Street, Newcastle -on-Tyne (E Ik S O) Nov. 1884 

JohnHon, Johan, 14, St. Georges' Terrace, Sunderland (S) May 1885 

.lohnsrjii, T. Allan, 10, Tankerman Terrace, Birmingham Road, 

Whitehaven (S) Nov. 1884 

.lolumtrmo, William, 7, Hamilton Terrace West, Partick, 

Glasgow, N.B • (SUR) Nov. 1884 

.|()ic(;y, Jaoob (J., Forth Banks West Factory. Newcastle-on-Tyne (E) Jan. 1889 

.foiM'H, (J(!orgc, MesHr*. W. Gray 5c Co., West Hartlepool (S) Oct. 1888 

.foFH'M, MorlaiH O., 1, Fern Bank, Chester Road, Old Traflford, 

ManchcHter (E) Nov. 1887 

.lorj^rriHon, F„ Inspector to Austrian Lloyd's, Constantinople ...(SUR) Nov, 1888 

K. 

Kpiui, .InmoM, West Hartlepool Iron Works, West Hartlepool ... (E) Nov. 1884 

, « ,- ( Graduate, May 1885 

Kmip. 11. K.. 120, Park Road, Newc»8tle-on-Tyne (E) J ,, , \ i too^ 

^ ' ( Member, April 1887 

Krlhicr, T., K.K. HcliifTbirn JuKinicur Pola, Austria (N A) Oct. 1887 

K»\v, AlcxamliT • ••• ...(SUR) Nov. 1884 

KIlvliiKinn, W., Northuml)erland Enjrine Works, Wallsend-on-Tyne (E) Nov. 1884 

Klrl«iil«lv. .Tcilin. 40. West India Dock Road, I^ondon (E) Nov. 1885 
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Laidley, R. W., Messrs. Mort & Co.. 155, Kenchurch St., London, K.C. (E) April 1 887 

Lain^f Arthar, Dcptford Shipyard, Sandcrlnud (S) Nov. 1884 

lAing, Jas., Jan., Deptford Yard. Sunderland (S) Nov. 1884 

Laing, John, Messrs. R. & W. Ha^^'thorn, Leslie, & Co.. St. Peter's, 

Newcastle-on-Tyne (E) Nov. 1884 

Larkin, James, East Jarrow-on-Tyne (E) Nov. 1884 

Leckie, Andrew, Cambridge Terrace, West Hartlepool (SUR) Oct. 1888 

Leddicoat, Frederick, 5, Cromwell Terrace, Gateshead-on-Tyne ... (E) Oct. 1885 
Lewis, Henry W., Llwynynhess, Alwrcanaid, near Merthyr, 

Glamorganshire, Wales (E) Nov. 1885 

Lewis, I(. A., Ncwbum Steel Works, Newbnm-ou-Tyne (E) Nov. 1884 

Liddell, A. R., 110, Park Road, Newcastle-on-Tyne (S) Nov. 1884 

Liddell, J., Messrs. Denny & Co., Engine Works, Dumbarton ... (E) Nov. 1884 

Lindfors, H., P.O. Box, 758, Non^'ark Comm., U.S. Amerira ... (S) Oct. 1886 

Lindgors, Hugo, 16, Alexandersgatan, Helsingfors, Findlnnd ... (S) May 1889 

Littleboy, Chas. Wm., 12, Shaftesbury Street, Stockton-on-Tees ... (S) Oct. 1887 

Livingston, Thos., Dunedin House, Jarrow-on-Tyne (S) Nov. 1884 

Livingstone, John, 6, Simonside Terrace, Heaton, Newcastle-on-Tyne (E) Nov. 1884 

Lohmeyer, H., 43, Crown Street, Newcastle-on-Tyne (E) Nov. 1884 

Long, A. E., 124, Albert Road, Jarrow-on-Tyne (S) Nov. 1884 

Lynn, J., St. Luke's Engine Works, Sunderland (E) Nov. 1884 

M. 

Macarthy, Harry, Ashfield House, Newcastle-on-Tyne (E) Nov. 1888 

MacCoy, John, 65, Larkspur Terrace, Newcastle-on-Tyne (E) Feb. 1886 

Mace, W., 253, Albert Road, Jarrow-on-Tyne (E) Jan. 1886 

MacGregor, John, 51, Harrison Street, Barrow-in-Furness ... (E) Mar. 1888 
MacUaffie, John, 38, South Hawk Street, Albany, New York, U.S. 

America ... ... ... ... ... ... ... ... (E) Dec. 1885 

Macoll, D. C, 14, Connaught Terrace, Jarrow-on-Tyne (S) Nov. 1884 

Manuel, G. W., Fern Bank, Catford Hill, London (E) Dec. 1885 

Marlborough, Richard, 11, Brookland Road, Sunderland (S) Nov. 1884 

Marr, James, 6, Ash Place, Sunderland (S) Nov. 1884 

Marshall, F. C, Messrs. R. k W. Hawthorn, Leslie, & Co., St. Peter's, 

Newcastle-on-Tyne (E) Nov. 1884 

■.*,..« «m»»T« ^ -, «, , ,-. fUra.luate, Jan. 1885 

Marshall, Frank T., 38, Percy Gardens, Tynemouth (E) 1 ., ^ * 

•^ ^ ^ ^ ^ Member, Oct. 1888 

Marshall, B. J., 32, Mariners' Cottages, South Shields (E) Mar. 1887 

Martens, D., 52, Kent Street, Jarrow-on-Tyne (E) Mar. 1887 

Mastaglio, W. D., 15, Rosslyn Terrace, Sunderland (E) Nov. 1885 

Mather, Charles, 6, Kenilworth Road, Newcastle-on-Tyne (SUR) Oct. 1888 

Matthews, A., The Baths, Blyth (E) Nov. 1884 

Matthews, Jas., Messrs. R. k W. Hawthorn, Leslie, k Co., Forth 

Banks, Newcastle-on-Tyne (E) Oct. 1886 

Maughan, Wm., 16, Addison Road, llcaton, Newcastle-on-Tyne ... (E) Mar. 1887 

McGlashan, Arch., 26, Milton Street, West Hartlepool (S) Nov. 1885 
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Mcllvcnna, J. G., Messrs. The Tyne Pontoon and Dry Docks Co., 

Wallsend-on-Tyne (S) Nov. 1884 

Mclntyrc, John, 3, Abbotsford Terrace, Newcastle-on-Tyne ... (S O) Jan. 1885 
McKlay, Jno., Messrs. R. & W. Hawthorn, Leslie, & Co., St. Peter's, 

Newcastle-on-Tyne (E) Nov. 1884 

Menzies, \Vm., The Side, Newcastle-on-Tyne (E) Nov. 1884 

Messenger, Thomas, 2, Clarence Lawn, Dover, Kent (E) Mar. 1887 

Metcalf, J. C, 4, Azalea Terrace North, Sunderland ... (SUR) Nov. 1884 

Metcalfe, C. S., 5, Tunstall Terrace West, Sunderland (E) Nov. 1884 

Michcli, Pietro, Jun., 5, Via Assarotti, Genoa (E Ik N A) Oct. 1888 

Milbum, Christopher J., 87, Morley Street, Heaton, Newcastle-on-Tyne (E) Feb. 1 888 
Millar, Thos., Messrs. Sir W. G. Armstrong, Mitchell, & Co.,Walker 

Shipyard, Low Walker-on-Tync (S) Nov. 1884 

Miller, Thomas B., 6, Vernon Terrace, Gatcshead-on-Tvne(E)i,. . ' ' 

* ^ i. Member, Oct. 1888 

Mills. John, c'o Messrs. Greenock Steam Shipping Co., Greenock (E) Feb. 1888 

Milne, W. J., 110, Park Road, Newcastle-on-Tyne (S) Nov. 1884 

Milton, J. T., Messrs. U. & \V. Hawthorn, Leslie, & Co., St. Peter's, 

Newcastle-on-Tyne (E) Nov. 1886 

Mitchell, Chas.. Jesmond Towers, Newcastle-on-Tyne (S) Nov. 1884 

Moffat, D., 86, Falconar Street, Newcastle-on-Tyne (E) No?. 1884 

Moffitt, (icorge, 32, Mitchell Street, West Hartlepool (E) Oct. 1888 

Moffitt, Robert, 13, Grace Terrace, Sunderland (E) Dec. 1885 

Moody, Thomas V., Riding Mill, Northumberland (E) Dec. 1887 

Morgan, W. H., 141, Denmark Street, Heat^m, Newcastle-on-Tyne (E) Nov. 1884 

Morison. D. B., 8, Albion Terrace, Hartlepool (E) Feb. 1885 

Mork, Peter, 3, Hawthorn Street, Newcastle-on-Tyne (E) Nov. 1884 

Morrison, Robt., 5, Chal loner Terrace, South Shields (E) Nov. 1886 

Mountain, William Chas., Messrs. E. Scott & Co., Close, Newcastle- 
on-Tyne ... ... ... ... ... ... ... ... (E) Feb. 1889 

Mowat, John, 3, Cooper Street, Monkwearmouth, Sunderland ... (S) Nov. 1884 

Mudd, Thomas, Central Marine Engine Works, West Hartlepool (E) Mar. 1886 
Mnir, J. M., Messrs. Wigham Richard.<»on & Co., Low Walker-on-Tyne Nov. 1884 

Muir, John, 10, Rium Terrace, Hart Roa<l, West Hartlepool ... (E) Oct. 1888 
Muir, Robert, 17, Westmorland Road, Newcastle-on-Tyne ...(SUR) Oct. 1886 

Mylcs. David, 231, Elliot Street, Glasgow (E) Nov. 1884 

N. 

Nance, A. J., c/o Mr. Nance. 14, Stacey Road, Routh, Cardiff ... (E) April 1887 
Napier, R. J., Lloyd's Register of Shipping, Newcastlc-on-Tyue (SUR) Nov. 1888 
Kapicr.W. E.. c/o Messrs. Humphrey.Tennant, & Co., Deptford, London (E) Nov. 1884 
Nowitt, Leonard, c/o Messrs. Sir W. 0. Armstrong, Mitchell, & Co., 

Elswick Works, Newcastle-on-Tyne (E) Doc. 1887 

Newton, Richard, Park Square, West Hartlepool (E) April 1889 

Newton, W. A., 90, Bn)ughU>n Road, South Shields (E) |^"^^^]^'^*^» ^^^.^ 1^^^ 

^ ^ ^ VMeml)er, Oct. 1886 

Nichol, B. G., 49, Leazes Terrace, New«istlc-on-Tyne (E) Nov. 1884 
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Nichol, Tbos., 50, Ripon Street, Monkwearmouth, Sunderland (SUR) Nov. 1884 

NicoL John M., 10, Linskill Place, North Shields (E) Nov. 1884 

Nicolson, G. C, c/o Mr. Shearer, Victoria Jubilee School, J Graduate, Oct. 1886 

Byker, Newcastle-on-Tjne (E) l^Member, Oct. 1888 

Nicolson, J. T., Engineering Department, University, Cambridge (E) Nov. 1884 
Noble, Harry, Northern Machine Tool Works, Forth Road, New- 

castle-on-Tyne (E) Nov. 1888 

Norman, W. 8., Messr8.Tyne Pontoon and Dry Docks Co.,Wall8end- 

on-Tyne ... ... ... ... ... ... ... ... (E) Nov. 1884 

Noton, F. R., 32, Azalea Terrace, Sunderland (S) Nov. 1884 

O. 

CNeil, J. J., 2, Krith Terrace, Pallion, Sunderland (E) Nov. 1884 

Orde, E. L., Orde House, Morpeth, Northumberland (E) Oct. 1887 

Oxley, Q., Station Road, Howdon-on-Tyne Nov. 1884 

P. 

Pacey, John W., 64, Hotspur Street, Heaton, Newca«tle-on-Tyne... (E) Feb. 1888 

Panton, W. H., Stockton Forge, Stockton-on-Tees (E) Nov. 1887 

Parkin, Rd., Chester-le-Street (E) Nov. 1884 

Parsons, Hon. Charles A., Elvaston Hall, Ryton-on-Tyne (E) Dec. 1887 

Parsons, P. B., St. George's Wharf, Deptford, London, S.E. ... (E) Nov. 1888 

Patterson, Jas., The Green, Wallsend-on-Tyne (E) Nov. 1884 

Pattison, Jos., Messrs. Wallsend Pontoon Co., Cardiff (E) Nov. 1884 

Paulson, John, 26, Charles Street, Heaton, Newcastle-on-Tyne ... (S) Feb. 1886 

Pearson, James John, 20, Gladstone Street, Newcastle-on-Tyne ... (E) Feb. 1886 

Pease, J. F., Messrs. Darlington Forge Co., Darlington (E) Dec. 1888 

Penny, A. W., 69, Percy Road, Whitley (S) Nov. 1884 

Penney, R. H,, 15, Azalea Terrace South, Sunderland (S) Nov. 1884 

Pepper, W., The Groves, Yarm Road, Stockton-on-Tees (E) Nov. 1888 

Perrett, J. Richard, 14, Eskdale Terrace, Jesmond, Newcastle- 
on-Tyne ... ... ... ... ... (N A) Oct. 1887 

Petersen, John L., Bellerby Terrace, West Hartlepool (E) Oct. 1888 

Petree, James, Messrs. Lainl Bros., Birkenheatl (S) Oct. 1885 

Phillips, Walter, 3, West Grove Terrace, Greenwich, London ... (E) Oct. 1886 

Phillipson, Roland, Tynemouth (E) Dec. 1884 

Phorson, P., 86, Roker Avenue, Sunderland (S) Nov. 1884 

Piaud, Leon, Bureau Veritas, 8, Place dc la Bourse, Paris (N A) Nov. 1888 

Pike, James J., 6, Corta Street, Peckham, London, S.E (E) Dec. 1888 

Pilcher, F. J., 3, City Buildings, Old Hall Street, Liverpool ... (S) April 1887 

Pilling, J., 11, Rosslyn Terrace, Chester Road, Sunderland ... Nov. 1884 

Plotnicki, E. C, 102, West Percy Street, North Shields (E) Nov. 1886 

Potts, John George ... (E) Nov. 1884 

Potts, Robert, 11, Mount Pleasant, Deptford, Sunderland (S) Oct. 1888 

Potts, T. T. (E) Jan. 1886 

Prest, Stanley Faber, Chatsworth Terrace, BaiTow-in-Furncss ... (E) Mar. 1888 
Price, F. D., 6, Osborne Villas, Jesmond, NewcAstlc-on-Tync (E $i S) Oct. 1888 

I*rice, John, 6, Osborne Villas, Jesmond, Ncwcastlc-on-Tync ... (S) Nov. 1884 
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SUBOTID. 

Prince, Alfred, Kent Villa, Jarrow-on-Tjme (E) Nov. 1884 

Proud, Anthony, Tyne Docks, South Shields (E) Dec. 1888 

IVyor, Benjamin, Experimental Tank, Royal Arsenal, Spezzia, Italy Nov. 1885 

Punly, A. J., Drawing Office, Navy Yard, Washington, D.C., U.S. of 

America ... •■• ... ... ••• ... ... •.. jnov. looi 

Purves, David, Fern Dene, Green Lane, N. Dulwich, London, S.E. (SUR) Dec. 1885 

Putnam, T., Darlington Forge, Darlington (F W) Nov. 1884 

Putnam, William, Darlington Forge, Darlington (F W) Nov. 1884 

R. 

Rae, John, 4, Grey Street, Glasgow, N.U (E) April 1886 

Ralston, G. 0., 19, Fenham Road, Newcastle^n-Tyne (E) Oct. 1887 

Ramage, J. T., The Hawthorns, Leith, N.B (E) April 1887 

Ramsay, C, W., Homsborg, Lgungby, Sweden Nov. 1884 

Ramsay, W. G., 10, Stanhope Road, Tyne Dock, South Shields ... (E) Mar. 1887 

Rankine, Jno., 26, Park Crescent, North Shields • ... (E) Nov. 1884 

Readhead, Jas., Beach View, South Shields (S) Nov. 1884 

Readhead, John, Juu., 18, Thomas Street, South Shields (E) Mar. 1886 

Readhead, R., Beach View, South Shields (E) Nov. 1884 

Readhead, W. B., Beach View, South Shields (S) Nov. 1886 

(Graduate, April 1885 
Reavell, W., 40, Guildford Road, Clapham, London, aW. (E)-{ _, ^ ^*' ,^^, 

^Member, Oct. loo7 

Reed, J. W., 96, Queen's Road, Bootlc, Liverpool (E) Nov. 1884 

Reed, T. A., Merchants' Exchange, Cardiff (C E) Mar. 1887 

Rcndel, H. W., 44, Lancaster Gate, London, W (S) Nov. 1888 

Rendel, L. J., 61, Westmorland Road, Newcastle-on-Tyne ... (E) Mar. 1887 

Rennoldson, C, Messrs. J. P. Rennoldsou & Sons, South Shields ... (S) Jan. 1886 

Reunoldson, Jos. M., Messrs. J. P. Rennoldson & Sons, South Shields (S) Feb. 1886 

Reynolds, Charles H., Sir W. G. Armstrong, Mitchell, & Co., Low 

Walker-on-Tyne (S) Mar. 1889 

Reynolds, Edward, Messrs. Vickers, Sons, & Co., Sheffield (E) Jan. 1888 

Reynolds, W. G., 7, St. Thomas' Square, Newcastle-ou-Tyne ... (E) Oct. 1886 

Kichardson, J. Wigliam, Neptune Works, Low Walker-on-Tyne ... (S) Nov. 1884 

Richardson, Tho8., M. P., Ilartleiwol Engine Works, West Hartlepool (E) Oct. 1888 

Richardson, Wm., Hartlepool Engine Works, West Hartlepool ... (E) Oct. 1888 

Richardson, T., Jun., Hartlepool Engine Works, Hartlepool ... (E) April 1888 

Rickaby, A. A., Bloomfield Engine Works, Sunderland (E) 

Ridley, J. C, Swalwell Steel Works, Newcastlc-on-Tyne (E) Nov. 1884 

Ridley, J. H., Messrs. R. & W. Hawthorn, Leslie, Ac Co., St. Petei-'s, 

Newcastle-on-Tyne (E) Nov, 1884 

Rimmington, R. F., 6, Cliff Terrace, HartleiKK)! (E) Nov. 1888 

Ritson, M., Lloyd's Register of Shipping, 2, White Lion Court, 

Cornhill, London, E.C (E) Nov, 1884 

llobinson, B. A., 6, The Knoll, Sunderland (E) Nov. 1884 

Robinson, Frederick F., 26, Wilkinson Street, Albert Square, 

Laml^etli, London, S.W. (E) Dec. 1888 

Robinson, William, 6, Choppington Stixjet. Newciistle-on-fGiiiduate, May 188r> 

Tyne (E) l-Member, April 1888 
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Bobinson, WiUiam, 9, WatervUle Road, North Shields (E) April 

Boboon, Arthur, Messrs. J. Blamer& Co., Sunderland (S) Dec. 

Bobson, John H., Grainger Hotel, Newcastle-on-Tyne (E) Nov. 

Bobson, J. M., c/o W. Whyte, B, Lombard Street, Newcastle-on-Tyne (E) Nov. 
Bobson, M., 19, Zion Terrace, Newcastle Road, Sunderland ... (S) Nov. 
Bodgereon, William John, 7, Wycliffe Terrace, Gateshead-on-Tyne (E) Dec. 



ELKOTKD. 

889 
886 
885 



Boger, Robert, Stockton-on-Tees 

Bogers, Herbert M., Lloyd's Registry, Newcastle-on-Tyne 
Bopner, Robert, J un., Preston Hall, Stockton-on-Tees 

Bowan, Jas., 231, Elliott Street, Glasgow 

Rowe, John A., 11, Spring Terrace, North Shjelda 

Bowell, G. W., 22, Durham Street, Newcastle-on-Tyne 

^•V»»CAX, XX. •«• ««« ... ••■ ... ... ... ... 

Busden, L., 11, Mistletoe Road, Jesmond, Newcastle-on-Tyne 

Rutherford, O., c/o Messrs. Wallsend Slipway Co., Engine Works, 

x^ft ni i iT ... ... ... ■•. ... ... ••• ••• 

Butherford, T. A., Messrs. J. & G. Thompson, Clydebank, Glasgow 
Byder, C. L., Lloyd's Register of Shipping, Cardiff 

S. 

Salmon, P. R., St. Bede's Park, Sunderland 

Sanderson, J., 31, Park Road, Jarrow-on-Tyne 

Sandison, M., Elswick Shipyard, Newcastle-on-Tyne 
Sawyers, John, Messrs. Thos. Wilson, Sons, & Co., Hull 
Schaeffer, A. G., 4, Benton Terrace, Newcastle-on-Tyne ... 
Soorer, G. S., Messrs. T. & W. Smith, North Shields 
Sootson, Alf., Messrs. Blyth Shipbuilding Co., Blyth 

Scotson, Wm., 78, Stafford Street, Wednesbury 

Scott, Ernest, Close Engine Works, Newcastle-on-Tyne ... 



... (E) Nov. 
(SUR) April 
... (S) Feb. 
... (E) Nov. 
...(SUR) Oct. 
... (E) Feb. 
Nov. 
... (E) Nov. 



(S) Oct. 
(S) Nov. 
(E) Oct. 



Scott, H., 47, Mainsforth Terrace, Sunderland 



(E) 



Scott, Joseph R., 9, Queen Street, Newcastle-on-Tyne 

Scott, Wm., 198, Portland Road, Newcastle-on-Tyne 

Seabury, Edward, 40, West India Road, Limehouse, London, E. ... 
Sells, C, c/o Messrs. Gio Ansaldo, Sampierdarena, Genoa, Italy ... 
Shand, H., 41, Grosvenor Place, West Jesmond, Newcastle-on-Tyne 

Sharp, A. E., Albert Terrace, Jarrow-on-Tyne 

Sharpe, H. R., 11, Zingari Terrace, Upton Park, London 

Shaw, Jas., 1, St. Edmund's Road, Gateshead-on-Tyue 

Dueppaivi, w . \jm ... ... •*. •*• ••• ••• ••• ••• 

Shevill, W. H., 5, Avenue Terrace, Sunderland 

Shilston, Thomas, 14, Wentworth Place, Newcastle-un-Tyne 



(SUR) Nov. 
... (S) Nov. 

(E) Dec. 
... (E) Oct. 
... (E) Nov. 

(S) Jan. 
... (S) Feb. 
... (E) Nov. 
... (E) Nov. 

{Graduate, May 
Member, April 
... (E) Oct. 
^ Nov. 
(E) Mar. 
(E) Oct. 
(E) Nov. 



(E) Nov. 1884 



(E) Nov. 

(E) Jan. 

(E) Mar. 

Nov. 

(SUR) Nov. 



Short, J, Y., 49, West Sunniside, Sunderland (S) Nov. 

Short, Jos., 49, West Sunniside, Sunderland (S) Nov. 

Shotten, John W., 13, Meldon Terrace, Heaton, Newca8tlc-ou-Tyne (SUR) Nov. 
Sinclair, R., c/o J. R. C. Sinclair, Esq., 2, West Quay, Greenock ... (E) Nov. 
Sinton, John K., 7, Gnismerc Temice, GatcMhcad-on-Tync ... (E) Nov. 

Sissou, Wm., Gloucester (EI«NA)Oct. 18X8 

£ 
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889 
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885 
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884 
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884 
884 
884 
886 
884 
885 
887 
884 
884 
886 
888 
887 
884 
886 
887 
884 
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885 
884 
884 
886 
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885 



XXXIV 

XLSCTKfi. 

Sisterson, 0. R., Locomotive Department, London and South 

Western Bailwaj, Nine Elms, London, 8.W (E) Nov. 1884 

Sivewright, G. W., 5, Radcliffe Terrace, Hartlepool (S) Nov. 1886 

Sjogren, H., Kockam's Mekaniska, Verkstad, Malmo, Sweden ... (S) Nov. 1884 

Smith, G. Hubert, Board of Trade Offices, North Shields (SUR) May 1889 

Smith, C. B., 89, Scarborough Street, West Hartlepool (E) Nov. 1888 

Smith, Charles Mayfield, 29, Mitchell Street, West Hartlepool ... (S) April 1888 

Smith, Eustace, 5, Queen Street, Newcastle-on-Tyne (S) Nov. 1884 

omivUf «j. •*. •(. ... ••• ••• ••. •■• •.. ••• ^ov. ioot 

Smith, R. J., 2, West Lawn, Sunderland (E) Nov. 1884 

Smith, Reginald Thomas, 38, Bclitha Villas, Battersea, London ... (E) April 1888 
Smith, Thomas, Steam Crane Works, Old Foundry, Rodley, near Leeds (E) Oct. 1888 
Smith, Thomas Edward, Messrs. John Smith & Sons, Newgate 

Street, Newcastle-on-Tyne (E) April 1885 

Smith, Wm., 51, Dock Street East, Sunderland (E) Nov. 1884 

Soliani, Nabor, Connitato Pei Designa delle Navi Ministero dilla 

Marina, Roma, Italy (S) Jan. 1885 

Soulsby, J. C, 4, Bute Crescent, Cardiff (SUR) Nov. 1886 

Sowtcr, Isaac O., 867, East Congress Street, Detroit, Michigan, 

United States of America Jan. 1889 

Spear, John, Messrs. T. Wilson & Sons, Hull (E) Oct. 1887 

Spearman, Richard, 118, York Street, Jarrow-on-Tyne (E) Feb. 1889 

Spence, James C, Messrs. Tyne Boiler Works Co., Low Walker-on- 

xyne ••• ... ••• ... ... ... ... ... v^/ jL/cc. looo 

Spencer, J. W., Newburn Steel Works, Newbum-on-Tyne ... (E) Feb. 1885 

Spencer, R. E. E., Palazzo Canevara, Spezzia, Italy (E) Nov. 1884 

Spiers, James ... ... ... ... ... ... ... ... Nov. 1884 

Stafford, William, Dunston-on-Tync (E) Nov. 1885 

Stephenson. C, 5. West View, Wallsend-on-Tyne (S) Nov. 1884 

... fGraduate, Mar. 1886 
Stevenson, K. ... ... ... ... ... ... Ct) i.. , _ 

' ^ ^ ^Member, Oct. 1886 

Stevenson, Wm., c/o Messrs. Victor Coates & Co., Princess Docks, 

Belfast ... ... ... ... ... ... ... ... (E) Nov. 1884 

Stewart, H., 18, Brookland Road, Hylton Road, Sunderland ... (E) Nov. 1888 

Stirling, Andi-cw, Jan., 3, Gi*ecn vale Terrace, Dumbarton ... (E) Feb. 1888 

Stirzaker, J. C, 86, Brighton Grove, Newcastle-on-Tyne (E) Nov. 1884 

Stoddart, J. E., Lloyd's Registry of Shipping, Dock Office, West 

Hartlepool (SUR) Oct. 1888 

Stokf)e, Thomas, 4, Lower Archer Street, West Hartlepool ... (S) Dec. 1885 

Stone, Wm., 13, Rosslyn Terrace, Sunderland Nov. 1884 

Stubbing*, James, Comhill, Sunderland (E) Nov. 1S84 

Summers, James, 114, Gmnge Road West, Mi(ldles})rou^'h (E; Mar. 1889 

Surtces, R., Messrs. 11. A: W. Hawthorn, LoHlie, ic ('o., St. 

Peter's, Newcastle-on-Tyne (E) Nov 1884 

Sutton, James, 84, Westmorland Road, Newciistle-on-Tyne ... (S) Jan. 1885 

Sutton, Jos.. 84. Westmorland Road. Ncwcastlcwm-Tvnc (E) 1 ,. . ' 

t Member, Oct. 1SS(; 



KLKfTKD. 

(S) Nov. 1888 
(S) Nov. 1884 
Nov. 1884 
(E) Jan. 1885 
(E) Nov. 1884 
(E) Pec. 1888 

(E) Oct. 1888 
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Swan, A. S., Grove House, Oosforth, Newcastle-on-Tyne 

Swan, H. F., North Jesmond, Newcastle-on-Tyne 

Swan, Thomas, 152, Ellison Street, Jarrow-on-Tyne 

Swinburne, T. M., Bewick Road, Gateshead-on-Tyne 

Swinburne, M. W., 117, Park Road, Newcastle-on-Tyne 

Swinney, W., 10, Wentworth Terrace, Westoe Lane, South Shields 
Sydaerff, Thomas, B., Jun., c/o Messrs. W. B. Thomson & Co., 
Lilybank Foundry, Dundee 

T. 

Tate, Chas. H., 7, Side, Newcastle-on-Tyne (N A) Nov. 1884 

Tatham, Stanley, Messrs. Hawks, Crawshay, k Sons, Gateshead-on- 
Tyne (E) Feb. 1887 

Taylor, Alexander, Mercantile Chambers, Quayside, Newcastle-on- 
Tyne (E) Nov. 1884 

Taylor, C. W., Beach View, South Shields (E) April 1885 

Taylor, J. E.,Lloyd'sRegi8terof Shipping, ButeCrescent,CardiflE...(SUR) Nov. 1884 
Taylor, Tom Henry, Messrs. The Wallsend Slipway Co., Wallsend- 

wAX* X J Uw •«• ••• ••• ••• ••• ••• ■•■ ••• 

Thompson, C. £., Messrs. J. L. Thompson & Sons, Sunderland . . . 

Thompson, Charles, 9, Dean Street, Newca3tle-ou-Tyne 

Thompson, Jas., 11, Elm wood Street, Sunderland 

Thompson, John, Post Office Chambers, Newcastle-on-Tyne 
Thompson, J. L., Jun., North Sands Shipyard, Sunderland 

Thompson, Robert, North Sands Shipyard, Sunderland 

Thompson, R. C, Bridge Dockyard, Sunderland 

Thorn, W. H., 5, Waterville Terrace, North Shields 

Tin well, George, General Gordon Terrace, Sunderland 

Todd, Surtees, Messrs. R. k. W. Hawthorn, Leslie, & Co., 
Hebbam-on-Tyne . . . ... ... ... ••. 

Todd, Thomas, 20, Billiter Street, London, E.C 

Tone, John M. F., 50, Clayton Park Square, Newcastle-on- 

X jT Ut? ••• ••• ••• ••• ••• ••• ^ w J 

1 OOmCTy v/» A« ••• ..« ••• ••• ••• ••• y E J 



(E) Oct. 1885 
(8) Nov. 1884 
(E) Feb. 1887 
(E) Dec. 1886 
(E) Nov. 1884 
(S) Nov. 1884 
(S) Nov. 1884 
(S) Nov. 1884 
(E) Nov. 1884 
(E) Jan. 1889 



Towers, Edward, Jan., 4, Latimer Street, Tynemouth (E) 



Trewent, F. J., 9, Northumberland Terrace, Tynemouth 

Tritton, S. B., Assistant Locomotive Superintendent, Eastern 
Bengal State Railway, Kanchrapara, Bengal, India 

Tulip, George, 48, Blenheim Street, Newcastle-on-Tyne 

Tumball, T. yt. H. ... ... ... ... ... ... ... 

Turner, Henry John, 11, Tindal Street, Westgate Road, Newcastle- 

wXa X V XXw ■•• •• •■• ••• ••• ••• ••• ••• 

Turner, S. J., 86, Addison Road, Hcaton, Newcastle-on-Tyne 
Tweddell, R. H., 14, Delahay Street, Westminster, London, S.W.... 

Tweedy, J., Neptune Works, Low Walker-on-Tyne 

Tyiack, George, Dean Street, South Shields 



... (S) Nov. 1884 

... (E) Nov. 1886 

rOraduate, April 1885 

V Member, Oct. 1887 
/Graduate, May 1885 

V Member, Feb. 1887 
/Graduate Nov. 1886 
I Member, Oct. 1888 

... (S) Dec. 1884 



(E) Nov. 1884 
(E) Dec. 1888 
(E) Nov. 1884 

(E) Feb. 1888 
(E) Mar. 1887 
(E) Jan. 1885 
(E) Nov. 1884 
(E) April 1888 



UlUtrom, Otto, Heans, Raytlon Dixon k. Cn., OlaveUnd Dookjant, 

MWdlflsbro', or HO. Cnnge Boail Ea-l. MUUIeabro' (S) Nov. 1H94 

trim, John, Marine Cttsinn, Polii,Austnr> ... (El Nny. taS5 



Vinnson, N. K., wrf Gnleami Atoasi fi rnl-i 1, Genoa, Italy ... 
Vlfk, R. W., Me'lsrs. K. Withy « Ci>., Wuat Hartlopool ... 



(E) Doc. 1885 
(S> Not. 18H8 



Wnilos, E. F., 3S, Clise, nr 13, Tankorcille Terrace. Newcaatlo-mi- 

Tyne (SUR) Nnr. I88< 

Wailrai, T. W., Mnant StnaH Dry Ducks, Cardiff (E li S) Oct. 1887 

Walker, ArchibaUi. U7, Cnnstitnt.inn Street, Leith, N.B. (E) Aprii 1887 

Wnlbu. J.. Messrs. Blnck, Haw-tbHi-n, k On., Gates liead-on-Tync... (E) Nov. 1884 

Walliker, J. F., 6, Lovnine Terrace. North Shields (El Nnv. 1885 

Waltnii, F. W„ 24, Lord Street, Barrow-in-Furnem (Si Nov. 1SS6 

Walton. J. O., 2«, Fetichnich Street, London, E.C (E) Nov. I88« 

Watbnrton, J., 18, Elmwood Street, Sunderland Nov. 1884 

Wnrdttle, Henry, 52, Bewick Boad, Oateahoftd-on-Tynn (E) Feb. 1888 

Wnrreii, Wm., So'uthwick Engine Work™, Sunderland (E) Sot. 1884 

Warren, Q. E., Lloyd's Register of Shippine, Oouslantiuople ...(SUR) Nov. 1888 
Watgou, RAlpli J., Willington Ronsc, Wllllngton Qitay-on- (Graduate, Jan. 1886 

Tyiie {£) tMemlier, Oct. 1888 

Watt, Adam. 11, Salem Hill, Sunderland Nov. 188* 

Watt, Bobert 8., Heesrs. Rayllon Dixon k Co., Hiddlcsborough ... (S) April 18S8 

Watts, Philip, aUwick Sliipyard, Ncwcaatle-ou-l^ne (S) Nov, 1883 

Waugh, G. W., 30, Oreame Street. Alexandra Park, Manchester ... (E) May 188B 
Weatherall, J., 48, Hotspur Street, Beaton, Newcastle-on- JOmduatc, Oct. 1885 

Tyue (E) tMembcr. Oct. 1887 

Weighton, B. L„ Messre. R. & W. Hawthorn, Leslie, i; Co„St. Teter's, 

Nowoastle-on-Tyne {E> Nov. 1884 

Weir, John, Engine Department, Me«ara. A. Stephens Ii Sons, Lint- 
house, Qlaagow CE) Not. 188* 

West. Henry H., 14, Castle Street, Liverpool (E li N A) Oct. 1886 

Weatgarth, Tom, Messrs. Westgarth, English, & Co.. Middleaborough (E) Oct. 1888 
Weatmacott, V. 0. B., Elawick Engine Works, Neweastlo-uii-Tyne (E) Nov. 188* 

White, C, 13, Mosley Street, Naweastle-on-Tyne (E) Nov. 198* 

While, R. 8.. Fairfield Works, Oovao, Glasgow (S) Nov. 1884 

Whitehead, Franoia, c,o Messrs. Blyth Dry Dock Co., Blyth ... (E) May 1889 

Whyte, Wm., B, Lombard Street, Newcastle-on-Tyne (E) Nov. 1884 

Widdas, T. D., 99, Belgmve Road, Aigburth Boad, Liverpool (SUR) April 1885 

Wiles, John W., 10, Chillingham Kuad, Benton, Newcastle-on-Tync (SI Nov. 1686 

Wllkie, J., 9, Croft Avenue, Sunderland CE) ^'ov. 188* 

Willcoi, F. W., *5, Sunniside West, SnnderUnd (E) Nov. IBS* 

WiUUmg, J., 3, Aialea Terrace, Sunderland - (SUR) Nov. 188* 

Wilson, Jamtt, 100, Bronghmn TemKe. West Hartlepool (E) Feb. 188n 
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Wilson, J. T., 34, Kent Street, Jarrow-on-Tvne ... (E) I "* ^^ ^' ^" 

^ ^ ^ (Member, Feb. 1886 

Wilaon, Robert, 19, Victoria Street, Newcastle-on-Tyne (S) Oct. 1887 

Wilson, R. D., 17, Hawthorn Street, Newcastlc-on-Tyne (E) Nov. 1886 

Wilson, T., Messrs. General Steam Navi^tion Co., Deptford, 

London, 8.E. (E) Nov. 1884 

Wilson, William (S) Oct. 1885 

Winstanley, P. D., Messrs. Sir W. G. Armstrong, Mitchell, & Co., 

Elswick, Newcastle-on-Tyne (E) Nov. 1884 

Withy, H., Middleton Shipyard, West Hartlepool (S) Nov. 1884 

Worsdell, Wilson, North-Eastem Locomotive Works, Gateshcad-on- 

Xyue ••• ••• ... ••. .•• ... ... ... v**/ L/6C. J oOo 

Wotherspoon R., Board of Trade Offices, West Hartlepool (E) April 1889 

Wright, R., 25, Westmorland Road, Newcastle-on-Tync Nov. 1884 

Y. 

Yonng, J. D., 18, Derby Street, Sunderland (E) Oct. 1888 

Younger, R., Elmire House, Heaton, Newcastle-on-Tyne (E) Nov. 1884 

Z. 

Zeltz, A., Actien Gesellwhaft Vulkan, Bredow bei Stettin, Germany (E) Nov. 1884 



ASSOCIATES. 

A. 

Allden, William R., Akensidc Villa, Newcastle-on-Tyne (A) Dec. 1886 

Armstrong, 8., H, Victoria Place, Hartlepool (A) Nov. 1888 

B. 

Barklam, George, Tipton, Staffordshire April 1888 

Barwick, J. S., Ashbrook Grange, Sunderland (S O) Nov. 1884 

Bell, John Henry, 24, Park Place West, Sunderland ... (lit S M) Oct. 1887 
Boyd, Robert, Messrs. Hannay, Boyd, & Co., Quay, Newcastle-on- 
Tyne (S O) Nov. 1884 

Branfoot, W. J., Messrs. Tyzack k, Branfoot, John Street, 

Sunderland ...(SO) Dec. 1887 

Briggs, R. S., Moorlands, Sunderland (SO) Dec. 1886 

Browne, John L., Thomhill Gardens, Sunderland (S O) Dec. 1886 

Brunton, John, 3, Prior's Terrace, Tynemouth (S O) Oct. 1886 

Byers, Wm. Lumsdon, 61, West Sunniside, Sunderland (S O) Oct. 1888 

C. 
Carr, Ralph, Thomleight, Clayton Park Road, Newcastle-on-Tyne (A Ir S 0)Nov. 1886 
Charlton, W. A., St. Nicholas* Buildings, Newcastlc-on-Tyne ... (A) Mar. 1888 
Common, Francis James, 5, Elms West, Sunderland ... (I Ir S M) Oct. 1887 

Coull, John, 48, Stanley Street West, North Shields (S O) Oct. 1886 

Coverdale, R. H., Messrs. J. Coverdale & Sons, Steamship Owners, 

West Hartlepool (SO) Nov. 1888 
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Crowther, Joseph, Dispensary Lane, Newcastle-on-Tjne (I M) Jan. 1889 

Culliford, J. H. W., Sunderland (S O) Nov. 1884 

D. 
Dodds, Charles Henry, General Manager, River Wear Commission, 

16, Thornhill Terrace, Sunderland Oct. 1887 

Dodds, John B., 13, Dean Street, Newcastle-on-Tyne Oct. 1888 

Dodds, A. I*., 18, Dean Street, Newcastle-on-Tyne (A) Jan. 1889 

Dunfoi-d, T. G., Messrs. Elliott, Lowrey, & Dunford, Lombard 

Street, Quay, Newcastle-on-Tyne (S O) Nov. 1884 

F. 
Fumess, Christopher, Victoria Terrace, West Hartlepool (S O) Oct. 1888 

G. 

Garnet t, William, Principal, The Durham College of Science, 

Newcastle-on-Tyne Jan. 1889 

Gjemre, Lauritz, Maritime Buildings, King Street, Newcastle-on- 
Tyne ... ... >•• ... ... ... ... ... ^9 O^ Mar. 1886 

Green well, Thos. G., Sunderland * (SO) Dec. 1886 

H. 

Harland, George, 1, Westoe Crescent, South Shields (A) Dec. 1888 

Hedley, John H., 10, Esplanade West, Sunderland (S) Dec. 1886 

Heslop, Richard O., Akenside Hill, Newcastle-on-Tyne ... (I It S M) Oct. 1886 
Hogg, George J. H., N.B.C. Insurance Association, West Hartlepool (S O) Oct. 1888 
Hollis,H. E.,3,St. George's Terrace, Jesmond, Newcastle-on-Tyne (lit S M) Feb. 1886 

Hudson, Ralph M., Jun., 8, The Cedars, Sunderland (SO) Dec. 1886 

Hunting, Charles, Jesmond Dene, Newcastle-on-Tyne (SO) April 1886 

1. 

Iley, D. W., I, Elmwood Street, Sunderland (I 1^ S M) Nov. 1888 

J. 

Jenkins, William, Consett Hall, Durhamshire (I It S M) Nov. 1887 

Jobson, W. J., c/o Messrs. Robert Stephenson Sc Co., South Street, 

Newcastle-on-Tyne (A) May 1889 

K. 

Kerr, James, 18, Azalea Terrace South, Sunderland (A) Jan. 1888 

L. 

Loveridge, W. H., Mainsforth TeiTace. West Hartlepool ... (I It S M) Oct. 1888 

M. 

Macarthy, George E., 9, Dean Street, Newcastle-on-Tyne (SO) Oct. 1887 

Mattbiesscn, P. H., 12, Lombard Street, Newcastle-on-Tyne ... (A) Oct. 1888 
Maughan, William, Westmorland Road, Ncwcastle-on-Tyne ... (A) Feb. 1887 
Mawson, Rowland, Bank Chambers, Quay, Newcastle-on-Tyne ... (S O) Jan. 1889 
McNabb, Thos., Call's Buildings, Quayside, Newcastle-on-Tyne ... (S O) Nov. 1886 
Metcalf, Thomas, Sea View Gardens, Roker, Sunderland ... (SUR) Jan. 1888 

Milbum, J. D., Queen Street, Newcastle-on-Tyne (SO) Nov. 1884 
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■Lecmtn. 
Miller, T. R., c/o Messrs. Lamplough & Co., 72, "Cornhill, 

Loiidoii ... ... ... ... ••• ... ••• (A Ir S O) Nov. 1884 

Mudd, John, Castletown Rolling Mills, near Sunderland ... (I It S M) Nov. 1884 
Mulherion, G. F., 144, Albert Road, Jarrow-on-Tyne (A) Nov. 1884 

N. 
Newby, S., Messrs. Thomson & Newby, 13, Bridge Street, Sunder- 
land ... ... ... ... •.. •>. .•• (IAS M) Nov. 1884 

O. 

O'flagan, James, St. Nazaire-sur-Loire, France Oct. 1888 

Osboume, Jas., Hylton, Sunderland (S) Jan. 1885 

P. 

Panton, Hugh, 38, Fawcett Street, Sunderland (I A S M) Nov. 1887 

Patterson, John, 28, Belgrave Terrace, Newcastle-on-Tyne ... (A) Feb. 1886 

Patterson, Thos., 6, Argyle Square, Sunderland (S) Jan. 1885 

Ptittison, W. J., Messrs. Hunting & Pattison, Exchange Buildings, 

Quayside, Newcastle-on-Tyne (SO) April 188«5 

Perry, Edwin, 23, Side, Newcastle-on-Tyne (A) Nov. 1886 

Phalp, Oliver, Captain, AUnora, Richmond Road, Cardiff (SUR) Feb. 1889 

Pinkney, Thomas, Creswell Villa, Sunderland (S O) Dec. 1886 

Pinkney, T. W., John Street, Sunderland (S O) Feb. 1888 

R. 
Ramsay, J. W., Newbum Steel Works, Newbum-on-Tyne ... (A) Feb. 1885 

Reichwald, A., Lombard Street, Newcastle-on-Tyne (A) Nov. 1884 

Reid, Andrew, Printer, Akenside Hill, Newcastle-on-Tyne ... Nov. 1884 

Ren wick, O., Messrs. Fisher, Renwick, & Co., Queen Street, 

Newcastle-on-Tyne (S O) Nov. 1884 

Roberts, G., Baltic Chambers, Quayside, Newcastle-on-Tyne ... (S O) Nov. 1884 

Robson, Frederick, 46, Dean Street, Newcastle-on-Tyne Oct. 1887 

Robflon, Thos., 28, North Bridge Street, Sunderland (SO) Nov. 1884 

S. 

Sanderson, John, 9, The Elms, Sunderland (SO) Dec. 1886 

Scholefield, A., 17, Sandhill, Newcastle-on-Tyne (S O) Nov. 1884 

Scott, W. H., Messrs. Scott Brothers, Dean St., Newcastle-on-Tyne (S O) Nov. 1884 

Seaman, C. J., 19, Willington Street, Stockton-on-Tees (A) Jan. 1889 

Smith, George, c/o Messrs. Hawthorn, Leslie, k Co., St. Peter*s 

Works, Newcastle-on-Tyne (A) Feb. 1889 

Snowdon, W. F., Salter's Road, Gosforth, Newcastle-on-Tyne ... (E A) Dec. 1886 
Squance, J. W., Marine Superintendent, 13, The .\ venue Sunderland April 1 888 

Stephens, D., Messrs. Stephens, Mawson, & Co., Bank Chaml^ers, 

Quay, Newcastle-on-Tyne (S O) Nov. 1884 

Swan, Isaac J., Grove House, Gosforth, Xewcastle-on-Tyue ... (S O) Fe>). 1888 

T. 

Taylor, John W., Thomhill Tower, Sunderland (S O) Dec. 1886 

Temperley, C, 9, Gracechurch Street, London (S O) Nov. 1885 



ThompRon, V. T., Baltic Chambers, Sunderland (8 O) Dec. 1886 

Towers, Edward, 4, Latimer Street, Tynemonth (A) Oct. 1888 

Tweedy, George, Oresham House, Bishopsgate Street, London ... (8 O) Mar. 1889 

V. 

Varlcy, John, 267, High Park Road, Leeds (I It S M) Mar. 1887 

W. 

Wait, James, Maritime Buildings, King Street, Newcastle-on-Tyne (S O) Nov. 1884 
Wallace, Wm., 27, South Scarborough Street, West Hartlepool ... (A) Oct. 1888 
Ward, Joseph, Messrs. Wallsend Slipway C5o., Wallsend-ori-Tyne... (A) Not, 1886 

Wclford, Richard, Gosforth, Newcastle-on-Tyne (S O) April 1888 

Woods, James Jabez, Messrs. Herskind k Woods, West Hartlepool (S O) Oct. 1888 

Y. 

Yeoman, P., Messrs. Murrell & Yeoman, West Hartlepool ... (8 O) Nov. 1888 

Young, William M., Guildhall Chambers, Newcastle-on-Tyne ... (S O) Mar. 1889 
Younger, Robert, Messrs. Greenock Steamship Co., Limited, 

Greenock (A) Feb. 1889 

GRADUATES. 

A. 

Adamson, Daniel, c/o Messrs. Joseph Adamson k, Co., Hyde Feb. 1888 

Anderson, Robert ... ... ... ... Not. 1886 

B. 

Barnes, William, 3, Hiji^h Ellison Street, Hebburn-on-Tyne Feb. 1887 

Blackctt, Walter, 6, Windsor Crescent, Newcastle-on-Tyne Nov. 1886 

Boyd, William, Jun., North House, Long Benton. Newcastle-on-Tyne ... Nov. 1887 
Bryson, John J., 16, Chester Crescent, Newcastle-on-Tyne Feb. 1889 

C. 

Common, F., 18, Tavistock Place, Sunderland May 1885 

Coull, Alex. B., 43, Stanley Street W., North Shields Feb. 1887 

Crosby, J., 1, Randolph Street, Sunderland May 1885 

D. 

Dc Matt OS, James Hilbert, c/o J. Dickinson, Esq., Palmer's Hill Engine 

Works, Sunderland ... 

Dixou, John H., Waiticn House, Tynemouth Oct. 1887 

Donkin, Samuel, 5, Dean Terrace, Southwick, Hundcrlaml Jan. 1888 

Duckitt, J. Brentnall, 9, St. James' Street, Newcastle-on-Tyne Oct. 1888 

P. 

Kftirbaini, Jas., Hendon VivUey Road, Sunderland May 1885 

Finch, Herbert K., 1, St. Peter's Terrace, Cambridge Dec. 1888 

Foley, Wm. C. le B., 12, Grove Street, Newcastle-on-Tyne Nov. 1887 
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G. 

Chtine, Roger L., 17, Park Place £., Sanderland Dec. 1887 

H. 

HAmilton, James, 3, Victoria Sqnare, Kewcastle-on-Tyne Oct. 1887 

- Httd, Alston O., 8, Cambridge Road, West Hartlepool 

Henshall, Samuel, 9, Chester Road, Sunderland Ma j 1885 

Holey, J. T., 19, Rossi jn Terrace, Sunderland Jan. 1886 

Home, Alfred Bmest, 34, Burdon Terrace, Newcastle-on-Tyne Oct. 1888 

I. 
Ingram, Herbert P., 30, Brougham Street, East Hartlepool April 1888 

L. 
Liebert, Richard A. B., 214, Portland Road, Newcastle-on-Tyne Dec. 1888 

M. 

Hanford, Frank, 1, Osborne Terrace, Jesmond, Newcastle -on-Tjue ... Mar. 1888 . 

McRobie, Frank, 14, Westmorland Terrace, Newcastle^n-Tyne Mar. 1889 

Metcalf, Thos., 6, Dnndas Street, Sunderland May 1886 

N. 
Kicholson, John, Messrs. Black, Hawthorn, & Co., Gateshead-on-Tyne ... Dec. 1886 
Kicholson C^ 9, Sussex Place, Southampton Not. 1888 

R. 

Reed, Joseph, 61, Fisher Street, Low Walker-on-Tyne 

Rickaby, Augustine, Bloomfield Engine Works, Monkwearmouth, Sunder- 

lauci ••• ..• •.. ... ... ••• ... ... ... ... £iO^, xqoo 

Ritson, Stanley M., 18, St, Bede*s Terrace, Sunderland Not. 1887 

Roberts, T. C, Neptune Shipyard, Low Walker-on-Tyne Oct. 1886 

A069, ^x» JL a V/« ••• ••• ... ... •.. ••• ... ... ••• A#eC» XooO 

Roes, Wm. Chishabn, 67, Falmouth Road, Heat on, Newcastle-on-Tyne ... Dec. 1888 
Rutherford, J. T., 80, Ryehill, Newcastle-on-Tyne Jan. 1886 

S. 

Shaw, Thomas, West Boldon, near Sunderland Dec. 1885 

Skinner, Leslie, 22, Rayensboume Terrace, South Shields Dec. 1886 

Speeding; Joseph C, Roker House, Sunderland Dec. 1886 

Stoddart, Swinton, 24, North Milbum Street, Sunderland May 1885 

Strang, T. R., Bath Lane, Newcastle-on-Tyne Nov. 1888 

T. 
Taylor, M., Hawthorn Road, Gosforth, Newcastle-on-Tyne Feb. 1889 

W. 

Westmacott, Alfred, Benwell Hill, Newcastle-on-Tyne Dec. 1885 

Wheeler, O., 4, Wilberforce Street, Wallsend-on-Tyne ... Oct. 1886 

White, Ernest T., 3, Belle Vue Terrace, Gateshead-on-Tyne May 1889 

Wortley, H., 311, Shields Road, Byker, Newcastle-on-Tyne Jan. 1886 
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MEMOIR. 



THE LATE MR. G. H. GAERETT. 



Mr. G. H. Garrett was the son of a dergyman and a native of Tarn- 
worth. He began his professional career as a pnpil under William Adami^ 
Esq., the well-known locomotive engineer of the Great Eastern BaQw^f 
Company, and afterwards, when that gentleman was elected looomotifi 
superintendent of the London and South Western Railway Company, he 
was appointed his assistant. In that capacity he materially rendenl 
great service in rearranging the works and placing them on their jneni 
efficient footing. A vacancy occurring at Messrs. Sterne's works, OlasgoWi 
he was appointed manager, which appointment he held for about thm 
years. Alter the death of Mr. Douglas, of Messrs. R. Stephenfion St Go., 
Limited, Newcastle-upon-Tyne, in September, 1885, the deceased gentle 
man was appointed to direct the afiairs of that well-known establishment, 
which appointment he held until his death. In this office he gave eveiy 
satisfaction, and endeared himself both to the management and men bf 
his ability, tact, and kindly disposition. His death, which took place on 
Sunday, March 10th, 1889, was painfully sudden, as he was in the full 
enjoyment of his usual health up to the Friday preceding that date. 



I THE NORTH-EAST COAST INSTITUTION 

tUNGINEERS AND SHIPBUILDERS. 



Constitution anb "B^^Xawe, 

Adoptbd at a Qskxral Mbitino ok thb 4th Mabch, 1885. 

RiTOBD AT THB Closiho BusiirBSS Mbbtiho hbld ov Mat 4Tn, 1887. 

Rb-Rbti8bd at thb CioBiiro Busikbsb Mbetinob hbld oir 

Mat 9th, 1888, ahd Mat 13th, 1889. 



CONSTITUTION. 

L — The Namb of the ABsociation is *'The North-East Ooast nmml 
Iiulitatioii of Engineers and Shipbuilders." 

n. — The Objbcts for which the Institution is established obj«eca. 
aie : — ^The advanoement of the science and practice of Engineer- 
ing and Shipbnflding, and the interchange of ideas and informa- 
tion unongst its members, by means of meetings for the reading 
and diflcnssion of papers relating thereto, and placing on record 
Ha tranflBcfcioDS. 

III. — ^The Institntion shall consist of Honorary Members, 
HemberSy AssodateSy and Qiaduates. 

IV. — ^HoKORABT Membebs shall be such distinguished ySS^bS, 
penoDB as the Council may elect. 

y. — Iffginnnm shall be Principals or Principal Managers itanbenL 
engaged in Engineering or Shipbuilding; Civil, Military, or 
Mining Engineera, or Naval Architects; whose subscription 
flihall be Two Onineas per annum : and other persons engaged in 
the above professions ; whose subscription shall be One Guinea 
per annnuL 

YI. — AssooiATXS shall be such persons as are not strictly AaaotAMum. 
Bngineers or Shipboilders, but are connected with or interested 
in inch pursuits, and are deemed by the Council to be eligible 
for Associate membership. Their subscription shall be One 
Guinea per annnm. 
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Vri, — Graotjatkb may be persons under twenty-four J 

of age, engaged in study or employment to qualify themi 
for any of the above professions. Their Eubscriptioa ^ 
Half-a-Gninea per annum. 

VIII. — Any Meuber may become ft Lifb SIbmbxb b; k I 
single payment of Twenty Guineas, or any Absooiatb m^ 1 
become a Lifk Asbooiatb by a single payment of Tm | 
Guineas. 

IX, — The Offiobrb of the Ingtitntion shall be elected from I 
and by the Members, and shall consist of one President, tbe 
Past-Presidents, nine Vice-Presidents, fifteen Conncilmen, utd 
an Honorary Treasurer. 

X. — The President and Honorary Treasurer shall be elected 
annually. Three Vice-Pi'esidents and five Councilmen shall be 
elected annually. The retiring Vice-Pi-esidenta and Councilmen 
shall be those who hiive served three years from their tut 
election. 

The President stuill be eligible for re-election foraseccnd 
year ; should he be re-eiected he shall retire at the conclusion of 
hia second year of office, and shall not again be eligible until 
after an interval of one year. 

The retiring Vice-Presidents and Oouncilmen shall not be 
eligible for re-election to the same offices until after a similar 
interval, but shull be eligible for election to any other office. 

The Honorary Treasurer shall be eligible for re-electioa 
annually, or for election to any other office. 

XI. — Honorary Members may attend all the General Meet- 
ings, they may i-ead papers, take part in discnssions, in voting, 
in moving and supporting resolutions, in presentation of noticea 
of motion, or in requisitions for Special Meetings, and in tbe 
proposition of new members ; they shall also receive copies of 
the Transactions. 

XII. — Members shall have all the privileges of the Institu- 
tion as enumerated in the foregoing paragraph, and shall be 
eligible for office. 

XIII. — Associates shall have all the privileges enumerated in 
paragraph XI. Tliey ahall be eligible for office as Councilmen. 
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XIV. — Ondnatefl may attend all the General Sleetings, they J 
may read papers, take part in diecuaaions, and support resolu- 
tions: they ehall also receive copies of the TrauHactiona, but 
shall not eign proposals for new members, Tot«, nor be eligible 
for office. 

XV. — Tbe General Meetings of the Institntion ahall be held J 
daring the winter seasons of each year. 

NoTR.— Wbeu iLe word Member is initialled itith a ea|)iUl lelter it 
ugniAcs a niembor aaier paragrapUa IV. and V., but wbcn ijiitialled with ft 
■wall Ut1er,itsigitiSe>Biu(jiiibi<ruf Biiy cUsacFf the Institution mcmbcniiip. 



BYE-LAWS. 



MEMBERSHIP. 

1. — Every candidate for admission aa a Member, Associate, 
or Graduate shall be proposed and recommended according to 
the form A in the Appendix, in which form the name, usnal 
residence or the place of bnEinesB, the <]iialification for, and pro- 
posed class of membership of the candidate shall be distinctly 
specified. Proposals for Graduates must give the date of, and 
age, last birthday. 

The form shall be signed by a Member or Associate of the 
InHtitution, as proposer, and by at least other three Members op 
Associates as supporters, certifying a personal knowledge of tbe 
candidate. 

The proposal so made shall be sabmitted to the Council, 
when, if it be approved, the Ohairman shall sign the approba- 
tion, which shall be inserted in the notice calling the acxt 
General Meeting, when the candidate shall be balloted for, and 
shall be accepted if three-fourths of the votes are favourable. 

2. — Graduates desirous of becoming Members shall be pro- 
poied and recommended according to the Form B in the 
Appendix. 

Tbe proposal so made shall be submitted to the Council, who 
shall agree to or reject it. 

S. — The balloting for membership shall be conducted in the 
following manner: — Bach member shall be supplied by post with 
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a list of the namea of the candtdateB, according to the Form 
in the Appendix, and shall strike out the nameB of such can- 
didatcB as he desires shall not be elected. These lists may be 
returned to the Secretary by post, or may be deposited in the 
ballot-box by the voter in person on entering a meeting at which 
an election is to take place. The ballot-box will be closed at 
ten minutes after the advertised lime of meeting. The lists 
shall then be Landed over to the Chairman, who shall appoint 
two Scratineers to exumine them, after which examination the 
Ohairman shall inform the meeting of the result. 

4. — Notice of Election as a member shall be sent to the can- 
didate within one week after his election, according to the Form 
D in the Appendix ; but his name shall not be added to the list 
of Members, AHSOciatcB. or Graduates of the Institution, until 
he shail have paid his first annual suljscription. 

5. — In case of rejection of the candidate, no mention thereof 
shall be made in the minutes, nor shall any notice be given to 
the unsuccessful eandldate. 

(i. — All 8ul>acriptIons shall be payable in advance, and shall 
become due on the lat of June each year. Any Member, 
Associate, or Graduate, wishing to retire from the Institution 
shall continue to be liable for his annual subscription until he 
shall have given formal notice of his retirement to the Secretary, 
which notice must be given on or before the Slst of August in 
each year. Application for membership may be mode at any 
time during a Session, and the subscription shall cover the 
membership up to the 1st of June following. 

7. — On payment of each subscription the Secretary shall 
forward to the member an official receipt. 

8. — On question of privilege. — Any person who may be un- 
known in the meeting shall only be able to claim the privilege 
in question on proving his membership fiir the current 
Session, 

9. — Any member whose subscription is one year in arrear 
shall be reported to the Conncit, who shall direct application to 
be made for it, according to Form E in the Appendix ; and in 
the event of its continuing in arrear until the end of that 
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Session after such application, the Gonncil shall have the power, 
after remonstrance by letter, according to the Form F in the 
Appendix, of declaring that the de&nlter has ceased to be a 
member. 

10. — ^The Gonncil may refuse to oontinne to receive the sub- 
scriptions of any member who shall have wittingly acted in 
contravention of the Regulations of the Institution, or who shall, 
in the opinion of the Council, have been guilty of such conduct 
as shall have rendered him unfit to continue his membership ; 
and the Council may remove his name from the list of members : 
and such person shall thereupon cease to be a member of the 
Institution. Notice of such action of the Council shall be for- 
warded to the person in question, in accordance with the Form 
in the Appendix. The reason for such action of the Council 
shall not be stated to the person expelled, without the sanction 
of ihe. Council. 



Power of Coaneil 
to rttfuove Naiu* 
from Lid of 
DMmbera. 



OFFICERS. 

11. — ^The Annual Election of Officers shall be conducted in 
the foUowing manner : — The Council shall meet in Mai*ch or 
April, and shall arrange a list of nominations, in accordance 
with the Form H in the Appendix. Such list shall be presented 
at the Oeneral Meeting immediately preceding the last General 
Meeting of the Session, and any Member present shall be at 
Uberty to nominate additional Members. The list shall show 
who remain in office throughout the Council, and who are 
retiring. It shall nominate new names in the place of the 
retiring Members, and the number of nominations shall be, at 
least, two in excess of the number required in each section of the 
Council. A copy of this ballot list shall be forwarded to each 
Member and Associate, together with a complete list of Mem- 
bers, to be filled in, in accordance with the instructions printed 
in the ballot form, and to be returned to the Secretary, to be 
opened in the presence of the Council, at a Council Meeting 
which shall be held in April or May, when the scrutiny and 
counting shall be carried out by the Council. Any Member in 
TOting shall be at liberty to erase any name or names from the 



Eleotlon of 
Oflio«rs. 



list and Hubetituto llie nuuua of Any other person or persoiie 
eligible for citcli respective office other tbac those already placed 
on the ballot list by the Council and Members of the Institution. 
Any voting paper returning either more or less than one 
Preaident, fiix Vice-Presidents, one Honorary Treasnrer, and 
fifteen Oouncilraeii, shall be disqualified for the section or sections 
in which such errors occur, and the votes shall be lost for the 
said section or sections. Tlie votes given as President, to a 
Member who is not elected President, shall count to him as a 
Vice-President; the votes given as Vice-President, or Treasurer, 
to persons not su elected, shall t-ount to them as Councilmen. 
unless they have jiist comjileted a term of office in sucli capacity. 
The voting list shall not be sent to any Member and 
Associate whose sul«criptiuns are more than one year in arrear; 
nor shall any Member be nominated on the list. For this 
pnrpoBL', the Secretary shall prepare, previously to the meeting 
of Council, a list of those Members whose subscription a are more 
than one year in nrrears. 

12.— The result of the ballot for Officers shall be declared at 
the Oeneni) Meeting, to be held in May, at which meeting 
general busincssi shall be transacted. At the May General 
Meeting the newly-elected Officera. after being declared, shall 
enter into office ; and this shall be the last meeting of the Session. 
II 13. — The Council shall have power to supply any casual 
vacancy within itself (including anyctisinil vacancy in the office 
of President), which shall occur between one May Meeting and 
another ; and the Officers so appointed shall i-etire when the 
person whose place tliey fill would have retired. Vacancies not 
filled up during the year shall he filled at the General Election. 



GENERAL MKETING.S. 



14. — The Annual General Meeting shall take place in-October, 
and shall be held in Newcastle. The Ordinary Meetings shall 
take place in the fiecond week in each following moutli during 
the Session, unleR.« otherwise arranged by the Council, and at 
such hours and jilnces as the Council may dutciiiiine. 
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15. — Seven clear days' notice of every General Meeting, Ordi- S^g 
nary or Special, specifying the natnre of business to be tran- 
sactedy shall be given to every member of the Institution. 

16. — ^A Special Oeneral Meeting may be convened at any SfJJ^Spl**"^ 
time by the Council, and such meeting shall be convened by the 
Council whenever such is the declared wish of a Gkneral Meeting, 
or whenever a written requisition, signed by twenty members, 
specifying the object of the meeting, is left with the Secretary. 
If, for fourteen days after the delivery of such requisition, a 
meeting be not convened in accordance therewith, the requisi* 
tionists, or any twenty members of the Institution, may convene 
a Special Meeting in accordance with the requisition. The 
business discussed at such Special Meetings shall only be that 
indicated on the notice calling the meeting. 

17. — ^Twenty Members shall constitute a quorum for the pur- Quonun. 
pose of a meeting other than a Special Meeting. Thirty Members 
shall constitute a quorum for the purpose of a Special meeting. 

18. — The President shall be chairman at every meeting, and J^JHS^JJ •* 
in his absence, one of the Past-Presidents or one of the Yice- 
Presidentv ; or in the absence of these, a Councilman shall take 
the chair ; or if no Councilman be present and willing to take 
the chair, the meeting shall elect a Chairman. 

19. — ^The decision of a General Meeting shall be ascertained Dodtiontof 
by a show of hands ; or, when five Members or Associates shall Meetings 
demand, or the Chairman may think it desirable, the decision 
shall be taken by baUot. The manner of counting the votes 
shall be at the discretion of the Chairman, and an entry in the 
minutes, signed by the Chairman, shall be deemed sufficient 
evidence of the decision of a General Meeting. In cases of 
equality of votes, the Chairman shall have a casting vote ; other- 
wise he shall not vote. 

20. — Questions of a personal nature arising in a General Questions or* 

*^ ° Personal Nature 

Meeting, shall, if possible, be referred to the Council, otherwise Swu^ 
the decision of the meeting shall be taken by ballot on a motion 
or amendment put to the meeting. The ballot shall be taken by 
the voters (being Members or Associates) writing " for" and 
** against" on a slip of paper. The slips shall be folded and 

o 



collected, nnd then counted in the presence of the meeting, and 
the result announced by the Chairman. Should fewer than 
twenty vot^s be given, it shall be understood that the question 
U sheh'ed, and the votes shall be destroyed witliout being 
opened. 
I 21. — At every General Meeting of the Institution, the Secre- 
tary shall first read the minutes of the preceding meeting, which, 
on approval, shall be signed by the Chairman ; business arising 
out of iheae minutes shall then be transacted. The S«retary 
shall read any notices which may have to bo brought before the 
meeting. Notices of motion may then be given, and other 
business of the Institution may be attended to ; but when a 
paper is to be read, tlie foregoing buBiness shall not be extended 
beyond half-an-hour after the advertised time for commencing 
the meeting. The paper or papers for the evening shall then 
be read and discussed. 

22. — If within haif-an-hour after the time fixed for holding 
a General Meeting a quorum is not present, the meeting shall be 
dissolved, aud all matters which might, if a qnomm had been 
present, have been done at the meeting so dissolved, may forth- 
with be done on behalf of the meeting, by the Conncil ; eicept 
the reading or discuBsion of a paper, which shall not proceed in 
the absence of a cjuonim. 

23. — Any General Meeting of the Institution may be ad- 
journed by a vote of the Members and Associates present if 
there be a quorum ; if there be not a gnonim, the case shall be 
met by the preceding paragmph. 

24, — Each member shall have the privilege of introducing 
one friend to the General Meetings, whoso name must \>e written 
in the Visitors' Book, together with that of the member intro- 
ducing him ; but if the introducing member be unable to attend 
the meeting, he may send the name of the visitor to the Secre- 
tary. Dnring such portions of any of these meetings as may be 
devoted to any business connected with the management of the 
Institution, visitors may be requested by the Chairman to with- 
draw. This shall be done if five Members or Associates, or both, 
present request it. 
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OOXJNOIL MEETINGS. 



25. — ^The Council shaU meet before each General Meeting, or 
on other occasions when the President shall deem it necessary ; 
being summoned in either case by circular, stating the time of 
me^ng, and the business, so far as is known. 

No business involving expenditure of the funds of the Insti- 
tution (except by way of payment of current accounts) shall be 
transacted at any Council Meeting, unless the circular gives six 
clear days* notice, and states the business. 

All discussions of a personal character in the Council shall 
be considered and treated as being strictly confidential. 

26. — The Council may regulate its own procedure, and dele- 
gate any of its powers and discretions to any one or more of its 
number. 

The President shall, ex-officio, be chairman of all Council 
Meetings, and in his absence one of the Past-Presidents or one 
of the Vice-Presidents shall take the chair ; or in the abeence of 
these, one of the Councilmen shall be elected to take the chair. 
Five members of Council, including the Chairman, shall form a 
quorum. 

In the appointment of Sub-Committees, the Council shall 
determine the number which shall form a quorum in each case, 
and shall appoint a Chairman. These regulations shall not 
affect the Finance Committee. 

27. — ^The Council may appoint Committees either from itself, 
or with the assistance of persons outside, for the purpose of 
transacting any special business, or of investigating specific 
objects connected with the work and interests of the Institution. 

28. — ^All Committees or Sub-Committees shall be appointed 
by the Council, and shall be subject to that body, and shall 
report to it. The Council shall act upon these reports or recom- 
mendations as it may think best. 

29. — ^The Council may invite to General Meetings or to 
Council Meetings any person or persons whose presence and 
assistance it may desire, and strangers so invited shall be per- 
mitted to take part in the proceedings, but not to vote. 
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30. — The Secretary, who ehall also act aa Treasurer, abal! bi 
appointed by and act uiidcr the direction and control of tbt 
Coimcil, auci ehall be paid such Balary as the Council ahuli 
determine. He shall attend all meetings, Conncil and General, 
and shall take minutes of the proceeding's, and ent^r them in 
proper books provided for the purpose, ile shall write the 
correspondence of the Institution and Council, read nunatcs and 
notices at meetiaKS, report discossions, and, if required by the 
CoDHCtl, prepare papers for reading and publication, and read 
papers and communications at the meetings, He shall receive 
all [layments due to the Inatitntion, and shall bank the cash in 
hand whenever it amounts to tea pounds. The bank shall be 
determined by the Ootmcil and the banking account shall be in 
the names indicated in connection with the Finance Committee. 
He shall keep a cash account book, general and detail, which 
shall on all occasions be opeu to inspection by thu Finance 
Committee or by the Council. He shall keep a register of the 
nauies of members, so arranged as to distinguish all mcmbere 
whose Bubscinptiona arc in arrcar. He shall also perform what- 
ever other duties are indicated in the Bye-Laws of the Institn- 
tion Bs appertaining to his department ; and shall remain iu 
office during the pleasure of the Council. He shall not rote OD 
any resolution. 

31. — The following Snb-Oommittees shall be appointed 
annually by the Council:^!) A Finance Committee, to consist 
of seven persons, viz., one Paflt-Preaident or Vice-President, 
who shall be Cliairman ; five Councilmen, and the Honorary 
Treasurer of the Institution j three of whom shall form a 
quorum. The Treasurer shall be empowered to pay all amounts 
duo from the Institution which arc under two pounds. All 
amonnta of two pounds and upwards shall bo paid by cheque 
signed by the Chairman of the Finance Committee (or in his 
absence, by the President or a Past-President), the Secretary, 
and the Honorary Treasurer. (2) A Reading Committee, to 
cousifit of six members of Council. 
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TRANSACTIONS. 



82. — All papers shall be forwarded to the Secretary at least 
five dear weeks before the proposed date of reading. The 
Secretary shall submit them for approval to the Council, and on 
their general approval they shall be handed to the Reading Sub- 
committee, three of whom at least, shall read the paper through. 
The Reading Committee shall be at liberty to strike out any 
parts which, in their opinion, ought not to be read. They may 
also make any suggestions to the author as to points which 
might with advantage be inserted or altered. 

S3. — The papers read, and the discussions on them, or sach 
portions of them as the Council shall select, shall be printed for 
distribution among the members, each of whom shall receive a 
copy. These Transactions shall be edited by the Secretary, in 
accordance with instructions of the Council, who shall have 
power to omit parts of discussion which may be foreign to the 
subject, or which it may be deemed undesirable to retain. Each 
paper shall bear the date on which it was read in General Meeting. 
84. — Copies of papers to be read during any session will be 
sent seven days before the date of reading to members who shall 
have applied to the Secretary for them, in writing, at the com- 
mencement of the session. The discussion on a paper shall not 
be considered closed on the evening on which it is read, but 
shall be open for renewal at a subsequent meeting, prior to the 
reading of the paper set down for that date. 

85. — Proofs of the reports of discussions shall be sent for 
correction to the members who have taken part in the discussion, 
but must be returned to the Secretary within seven days of the 
date on which they were sent, otherwise they will be deemed 
correct, and will be printed off. 

86. — ^The Council shall be at liberty to print as Transactions, 
either with the papers and discussions or separately, explanatory 
notes, etc., communicated after the reading or discussing of a 
paper. Such communications shall bear the date on which they 
shall have been received by the Secretary. 

87. — ^The Institution shall not be held responsible for the 
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statementB and opinions advanced in any of the papers whidi 
may be read, or in the discnssions which may take place at the 
Meetings of the Institution. 

38* — Twenty copies of each paper and discussion shall be 
presented to the author of the paper, for private use, and one 
copy shall be sent to each member. When a paper is prepared 
by two authors, fifteen copies shall be presented to each. Dupli- 
cate copies of parts of the Transactions mislaid or lost by 
members cannot be supplied to them, except as provided for in 
Bye-Law 41. 

89. — ^The Transactions shall not be supplied free to members 
whoae subscriptions are more than one year in arrear. 

40. — ^Any member elected at any time between the Annual 
General Meetings shall be entitled to copies of all the Transactions 
issued during the session to which his first subscription applies ; 
but not until the subscription has been paid. 

41. — The Transactions of the Institution shall be the exclu- 
sive property of the Institution, and shall be published only by 
the authority of the Council. Additional copies of papers 
required by authors for their private use can only be procured 
from the Secretary, at prices fixed by the Oouncil from time to 
time, and these copies must contain the whole of the discussion 
following the papers, and be bound in the usual cover, with the 
addition of the following words : — " By permission of the 
Council," and "Excerpt Minutes of Proceedings." Duplicate 
volumes and copies of parts of the Transactions, if in print, can 
also be obtained from the Secretary, and shall be sold only by 
liiin, in such manner and at such prices as the Council shall 
have fixed. 

42.— Diirinp: a discussion upon any paper, no person shall be 
at liberty to speak more than once (except by way of explana- 
tion), nor for a longer period than ten minutes. 



ACCOUNTS. 



i:), — The Oouncil shall present the yearly accounts (up to 
the l\\»l of May preceding) at the October General Meeting of 



each year, after they have been audited by a professional 
Aoconntant, appointed by the members at the Oeneral Meeting 
in May. 

ALTERATIONS TO CONSTITUTION AND BYE-LAWS. 

^^, — Alteration in or addition to the Oonstitntion and Bye- 
Laws may be made only by resolution of the members at the 
May Oeneral Meeting, after notice of the proposed alteration or 
addition has been announced at the previons General Meeting. 

The resolution may be modified by the Council meanwhile, 
should they so desire ; but in this case it shall be read at the 
May General Meeting in its original form before it is proposed 
in Uie amended form. 

Such resolutions shall be stated in the notice caUing the 
intervening Council Meeting, and also in the notice calling the 
May General Meeting. 

Any member unable to be present at the meeting at which 
such alterations are to be considered, but who is nevertheless 
desirous of recording his opinion thereon, shall be allowed to 
vote by proxy, such proxies shall be in Form J in the Appendix, 
which may be had on application to the Secretary, and may be 
used by any member present at the meeting on behalf of the 
absent member, and counted by the Chairman as of equal value 
with votes given in the manner provided in Bye-Law 19. 



For Library and Reading Room Bye-Laws, see page 98. 
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APPENDIX. 



FORM A. (BYE-LAW 1.) 

A. B. [Christian Name, Suraame, Occupation, and Address 
in fall] being desirous of admission into the North-£ast Coast 
Institution of Engineers and Shipbnilders, we, the undersigned 
[Members or Associates], propose and reconmiend that he shall 
become [a Member, Associate, or Graduate] thereof. We know 
him to be [a Principal, &c., or engaged in, &c.,] and eligible for 
the proposed membership. 

FBOM PSBSOKAL KKOWLBDOB. 

Signed 

Four 

[Members or 

Associates.] 



Dated this day of 18 



FORM B. (BYE-LAW 2.) 

A. B. [Christian Name, Suraame, Occupation, and Addi-ess 
in full] being at present a of the North-East Coast 

Institution of Engineers and Shipbuilders, and upwards of 
twenty-four ycara of age, and being desirous of becoming a 

of the said Institute, we, the underaigned 
[Members or Associates], recommend him, from personal know- 
ledge, as a person eligible for the proposed Change of member- 
ship, because — 

{Here specify distinctly the Qualifications of the Candidate according 
to the spirit of the Rules of the Institution.) 

Signed ', 

I Three 
[Members or 
Associates.] 



i 



Dated this day of 18 
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FORM 0. (BYE-LAW 8.) 

BALLOTING PAPER FOB MEMBERSHIP. 

The Gonncil having considered the recommendations for 
Membership of the following gentlemen, present them to bo 
balloted for, viz.: — 



MSMBKB, 
AJBSOCIATX. OB 

Oraduatk. 



Occupation. 



AODRXm. 



NoMiNAixD BY. Supported by. 



Strike oat the names of snch persons as yon desire shall not 
be elected, and forward the list by post to the Secretary, or 
personallj place it m the ballot-box at the Meeting. 



FORM D. (BYE-LAW 4.) 

Sir, — I am directed to inform you that on the day 

of you were elected a of the North-East 

Coast Institution of Engineers and Shipbuilders, but, in con- 
formity with Bye-Law 4, your election cannot be confirmed, nor 
your name be added to the roll of membership, until you have 
paid your first annual subscription, the amount of which is 
£ : : , or, at your option, the Life Composition of 



Payment may be made to the Treasurer, Mr.__ 

Address_. 

I am. Sir, 

Yours faithfully. 



Dated 



\8 



Secretary. 



N.B. — In case of a Gmdaate, strike out "or^ at your option, iho 
lAfB Compotiiion of£ t t " 



H 
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POEM E. (BYE-LAW 9.) 

Sib, — I am directed by ihe Council of the North-East CJoast 
Institntion of Engineers and Shipbnilders to draw jonr attention 
to Bye-Law 6, and to remind yon that the snm of £ 
of your annual subscriptions remains unpaid, and that yon are in 
consequence in arrear of subscription. 

I am also directed to request that yon will cause the same to 
be paid without further delay, otherwise the Oouncil will be 
under the necessity of exercising their discretion as to using the 
power vested in them by the Rule above referred to. 

I am, Sir, 

Yours faithftilly, 

Secretary. 

FORM F. (BYE-LAW 9.) 

Sir, — ^I am directed by the Council of the North-East Coast 
Institution of Engineers and Shipbuilders to inform you that in 
consequence of non-payment of your arrears of subscription, and 
in pursuance of Bye-Law 9, the Council have determined that 
unless payment of the amount (£ ) is made previous 

to the day of next, they will proceed to declare 

that you have ceased to be a member of the Institution. 

But, notwithstanding this declaration, you will remain liable 
for payment of the arrears due from yon. 

I am, Sir, 

Yours faithfully. 

Secretary. 

FORM G. (BYE-LAW 10.) 

Sir, — I am directed by the Council of the North-East Coast 
Institution of Engineers and Shipbuilders to inform you that 
they feel it their duty to advise you to withdraw from the 
Institution, or otherwise they will be obliged to act in accord- 
ance with Bye- Law 9 (or 10, as the case may be.) 

I am, Sir, 

Yours faithfully, 

Secretarv. 
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FORM H. (BYE-LAW 11). 

BALLOTING LIST. 

President. — Ovb Name only to be returnedf or the Tote will be loet. 
Pretident for the current year (eligible for re-election.)* 



;} 



New NominationB, from whom to select ONE. 



Vicb-Pbssidbnts. — Nimi Names only to be returned (including the tix 
who remain in oflBce), or the Tote will be lost. 



Six Yice-Preeidents remaining in office, whose seats are NOT 

vacant. 



- 1 Three Vice-Presidents retiring, and NOT eligible for re-election. 



] 



New Nominations, from whom to select THREE names. 



Treasures. — One Name only to be returned, or the vote will be lost. 
Treasurer for the current year, eligible for re-election. 

1 New Nominations, from whom to select ONE. 



COFKCILMEK. — FiTTEEN NAMES Only to be returned, including the ten who 

remain in office. 



Ten Councilmen remaining in office. These do not require to bo 
) voted for at this election, as their term of service has NOT yet 

expired. 



Five Councilmen retiring, and NOT eligible for re-olcction. 



New Nominations from whom to select FIVE. 



* To be oroned out before lasuo, when the President 1b not eligible for re-olection. 



N.B. — {a) The names of those who renutin in office will he counted in 
the total numher required without heing re-n-ritten by the voter. 

(h) Any list having either if obb or lbss than the required number of 
names voted for in any section will be disqualified for that section. 

(e) Votes as President for a person who is not elected will count for him 
as a Vice-President. 

(d) Votes as Vice-President, or Treasurer, for persons not so elected, will 
count for them as Councilmen, unless they have just completed a term of 
office in that capacity. 

(e) This list, duly filled in, may be returned to the Secretary by post, or 
handed to him, so as to be on the Council table before the commencement of 
the scrutiny, which is appointed to take place in the Council Room, at 8 
p.m., on 18 

(/) A copy of this list shall be posted at least Seven Pays previous to 
the Annual Meeting to every Member and Associate, who may erase any name 
or names from the list and substitute the name or names of any other person 
or persons eligible for such respective offices, but the number of persons on 
the list after such erasure or substitution must not exceed the number to be 
elected to the respective offices. 

Secretary. 



(FORM J. (BYE-LAW 44.) 



Nobth-Eabt Coast Ikstitutiok of Enginebbs and Shipbui£Dbb8. 



FORM OF PROXY 
Fob Votes on Altbbations to CoNSTirunov OB Btb-Lawb. 



I, being [an 

Honorary Member, Member, or Associate] of the above Institution, 

do hereby appoint Mr 

who is [an Honorary Member, Member, or Associate] of the same 
Institution, to act as my Proxy, and record my Vote at the General 

Meeting of t^e Institution, to be held on the. day of 

, 18 , and at any adjournment thereof. 



Address.., 



NORTH-EAST COAST INSTITUTION 



OF 



ENGINEERS AND SHIPBUILDERS 



Fifth Session, 1888-89. 



PROCEEDINGS. 



ANNUAL GENERAL MEETING, HELD IN THE LECTURE HALL OF THE 
LITERARY AND PHILOSOPHICAL SOCIETY, NE\VCASTLE-i:P<)N- 
TYNE, ON WEDNESDAY EVENING, OCTOBER 3kd, 1888. 



F. C. MARSHALL, Esq., Pbesidbnt, in thb Chaib. 



The Secretary read the minutes of the closinj^ bflsiness meeting of 
the last aeasion, held in Newcastle-upon-Tyne, on May 0th, which were 
approved by the members present, and signed by the President. 

The ballot for new members having lx?en ttiken, the PrcHidcnt 
appointed Messrs. J. T. Milton and M. Sandison to examine the voting 
papers, and the following gentlemen were declared elected: — 

MEMBERS. 

Aberg, Henning, 8, Union Street, East Hartlc]K)ol. 

Aostin, W. K., Lloyd's Register of Shipj)inp, Dock Oflice, West Hartlepool. 
Baines, Georgpe Henry, Messrs. Central Marine Eiiginoerinj^ Co., West ll!irtlo)>ool. 
Barron, T. G., Fern Villas, Elwick Road, West HartleiM)<)l. 
Campbell, James J., Messrs. Hawthorn, LcKlic, & Co., St. Poter't*. 
Chapman, Alfred C, 2, St. Nicholas' Huildin^s, Newcastle. 
Comforth, J., Messrs. Gladstone & Coriiforth, Church Strci-t. West IIartlci)<K)l. 
Craggi, Ernest H., Messrs. R. Craggs & Sons, Middlesbro'. 
Danson, Thomas James, 3, St. Nicholas' Ruildin^s, Newcastle. 
Firth, H. Branson, Messrs. T. Firth .t Sous, ShetHeld. 
Geddes, Christopher. Messrs. Leeds For^'c Co., Leeds. 

Gladstone, Arthur, Messrs. Gray & Gladstone, West lIartleiM)ol Koliiug Mills, 
West Hartlei)ool. 
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2 MEMBERS. 

Orftv, Matthew, Messrs. W. ihaj & Co., West Hartlepool. 

(fray, William, Messrs. W. (Iray it Co., West Hartlepool. 

Jones, George. Messrs. W. Oray Si. Co., West Hartlepool. 

Leckie, Andrew, Cambridge Terrace, West Hartlepool. 

Micheli, Pietro, Jnu., 5, Via Assarotti, Genoa. 

Moffitt, George, 32. Mitchell Street, W'est HartleiKX)!. 

Miiir, John, Hrongham Terrace, West Hartlepool. 

Petersen, John L., Bellerby Terraco, West Hartlepool. 

Richardson, Thos., M.P.. Hartlepool Engine Works, West Hartlepool. 

Richardson, William, Hartlepool Kngine VVorks, West Hartlep(K)l. 

Rowe, John A., 11, Spring Terrace, North Shields. 

Sydserff, Thomas B.. Jnn., Messrs. Naval Constrnction and Armaments Co., 

Harrow-iii-Fnrness. 
Sisson, William, Falm<mth Dock Ironworks, Falmouth. 
Stoddart. J. K.. Lloyd's Register of Shipping, Dock Office, West Hartlepool. 

(iRADUATES RAISED TO MEMBERS. 

Bnrton, Christojiher D., 31, Edith Street, J arrow-on -Tyne. 
(tayner, Robert H., Jan., Beech Holm, Sunderland. 
.Marshall, Frank T., 38. Percy Gardens, Tynemouth. 
.Miller. Thomas H., 6. Vernon Terrace, Gateshead. 
Nicolson. (t. C, Messi*s. Hawthorn. Leslie, k Co., St. Peter's. 
Watson, Ralph J., Willington House, Willington Quay. 

ASSOCIATES. 

Byers, Wm. Lui^sdon, 51. West Sunniside, Sunderland. 

I)(Klds, John B., 13, Dean Street, Newcastle-on-Tyne. 

Fnrnoss. Christ o])her. Victoria Terrace. West Hartlepool. 

Hogg, Georcre J. H., X.E.C. Insurance Association, West Hartlepool. 

Loveridge, W. H., Mainsforth Terrace, West Hartle|K)ol. 

Matthiessen. P. H., 12. Lombard Street, Newcastle-on-Tyne. 

O'llagan, James, St. Nu/airo-sur- Loire, France. 

Wallace, William, 27, South Scarbro' Street, West Hartlei)ool. 

Woods. James Jal>e/., Messrs. Hei>ikind <fc Woods, West Hartlep«x)l. 

(iRADrATES. 

Diu'kitt. J. Hreutiiall (!")), 4, Selbonie Terrace, Gateshead. 

Hume, Alfred F>iiest (IS), 'M, Biirdon Terrace, Xewcastle-on-Tyne. 

Tlic President in doclarin*,^ the rcsultB of the ballot desired to call 
attention to tlu' groat infinx of iTU'inl)ors from the Hartle]X)oIs, and 
intimated that the thanks of the Institution were due to some of the 
members who had ceitainly been most successful in working the interests 
of the Institution in that district. 

The Secretary sulnnitted the Council's Report and the Treasurer's 
Financial Statement for the last year as follows : — 
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COUNCIL REPORT. 

(Fourth Session. ) 



The Council has to report that tlie finances of the Institution are, on 
the whole, in a satisfactory condition. The att<intion of members is 
however respectfully called to the arrears of subscription which, for the 
year just closed, amount to £51 2s. fid., while a further sum of 
£18 58. 6d. still remains unpaid for the year 188(;t7. It is very 
gratifying to find that the demand for the published copies of the Trans- 
actions of the Institution has not decreased, the sales from stock for the 
past year having amounted to £47 2s. 3d. 

The session has been a very busy one. The following nine papers 
npon subjects of present interest and practical utility have been read and 
discussed, viz.: — 

1. — ** Notes on Steamship Speed Calculationg.'' By Mr. G. K. Arnison, Jan. 
2. -*'The Influence of Coal Consumption on the Commercial Efficiency and 

the Design of Cargo Steamers." By Mr. Robert Thompson. 
3. — *' Improvements in the Construction of Larpo Stern Frames, Rudders, 

and Keels." By Mr. E. F. VVailes. 
4. — **The Componnd Steam Turbine and its Theory as applied to the Working 

of Dynamo-Electric Machines." By the Hon. C. A. Parsons. 
5. — "The Combustion of Coal and some Evaporative Ex}>erinicnts with Natural 

and Forced Draught." By Mr. W. O. Sjwnce 
6. — "The Results of some Exiwriments on an Improved Boiler Joint." By 

Mr. James Patterson. 
7.— "SUdc Valve Gears." By Mr. J. T. Milton. 
a— "Stockless Anchors and Fittings." By Mr. 0. W. Sivewright. 
9.— "Pontoon and Floating Docks.'* By Mr. Alex. Taylor. 

Many matters of importance have engaged the attention of the 
Council. Of these may be mentioned the desirability for a better 
representation of shipbuilders and engincorH on Lloyd's Register Com- 
mittee. The Council of the Institution has undertaken to co-operate 
with the Institution of Naval Areliitects and the Institution of Engineers 



4 COUNCIL REPORT. 

and Shipbuilders in Scotland, and has appointed F. G. Marshall, Esq. 
(President), and John Price, Esq., to represent this Institution upon the 
combined deputation to wait upon Lloyd's Committee to discuss the 
subject in all ite bearings. 

The Committee appointed to confer with the Council of the Durham 
College of Physical Science upon the establishment of a Chair of Naval 
Architecture and Marine Engineering in the College is still continuing 
its labours. The attention of the members of this Institution is once 
more called to the chief question now before the Committee, viz.:— the 
raising of tbe necessary funds for the endowment of the Chair. 

The Committees appointed (1) to endeavour to frame a General Rule 
for the Horse-power of Marine Engines and Boilers, and (2) to obtain 
Statistics of the Comparative Progress of British and Foreign Shipping 
during the last twenty-five years, have submitted their Reports to the 
Council, both of which the Council has thought fit to adopt. These 
Reports have now been printed, and are appended to Volume IV. of the 
Transactions of the Institution. 

In order to place the finances of the Institution upon a more satis- 
factory basis, the proposed advance in the subscriptions of members 
(under Class II.) and of graduates, and the desirability of having suitable 
OflBces and a Reference Library for the use of the members, have engaged 
the attention of the Council, and a sub-committee was appointed to 
consider and report thereon. The whole question was brought before the 
members at the Closing Business Meeting of the session, when it was 
agreed that the subscriptions should be raised as recommended, viz. : — 
that the Members previously paying half-a-guinea shall pay one guinea per 
annum, and that the subscriptions of Graduates shall be raised to half-a- 
guinea per annum. It was, therefore, agreed to alter Articles V. and 
VII. of the Constitution in accordance with the resolution passed. 

The matter of suitable Oflfices and a Reference Library is at present 
engaging the attention of the Council. 

During the Session 1 Life Member, 1 Life Associate, 60 Ordinary 
Members, 18 Associates, and 16 Graduates have been enrolled, and 11 
Graduates have been raised to the rank of Members. The Institution 
has lost by resignations, gentlemen leaving the district, and from other 
causes, 68 Members, 7 Associates, and 20 Graduates. 

As the British Association will visit Newcastle-upon-Tyne next 
summer, the following four gentlemen have been appointed to represent 
this Institution upon the Local General Committee, viz., F. C. Marshall, 
Esq., President ; W. Boyd, Esq., and W. Theodore Doxford, Esq., Past- 
Presidents; and H. F. Swan, Esq., Vice-President. 
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In response to an invitation received from the members resident in 
the Hartlepools, together with the Mayors of Hartlepool and West Hartle- 
pool, and other influential gentlemen, the Council has arranged that the 
Institution will visit and hold a General Meeting in West Hartlepool 
on Saturday, October 20th. Due notice of this has been given to the 
members, and it is hoped they will do their utmost to make the meeting 
a success. 
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10 DISCUSSION — FINAKCUL BTATEUENT. 

The PuEBiDENT moved the iidoplion of tlie Coiincirs Report of the 
proceedings of the IiiEtitut,ion aod Finaocial Statement for the last aeedoo. 
The GouuL'tt h»d begun by stating that on the whole the finauoes of the In- 
stitution were in a satisfactory state. If a gmdiiiilly decreasing balance st 
the liank was a satisfactory condition, well, ilieirs was bo ; bnt he would 
have them observe that the balance was extremely small — much smaller 
than last year. This was no doubt to be accounted for to some extent 
by the arrears, which were hereby mentioned as amounting to £51 is. 6d. 
for the last year, and £18 5b. Od. remaining for the year before; but if 
these an-ears could be paid up, the fhnds of the Institution would enable 
the Council to be a little more free in undertaking work for the advance- 
ment of the objects of the Institution and the benefit of ite members. 
He had uo doubt that a considerable amount of these arrears arose from 
the very depressed state of trade during the past two years, which also 
acoonnted for the fact that a certain number of reaignatioiis had been 
tendered. Natm-ally they vei^ much regretted that any one should see it 
aecessary to leave the Institution because of the increase in the amonnt of 
Bubscriptiou which it bad been found desii-able to make in order to main- 
tain a sound Unaneial position ; but the number of resignations was not 
by any means so large as was feared, and it was very satiafactory to find 
that the increase wati lai^er than the deerease. He might say, however, 
with regard to this matter, that even of the uumber of those resignations 
a large proportion had arisen from gentlemen leaving the district partly 
owing to the depression of trade and from othei' causes. He was sure 
they all regretted this, as some of those who had gone were gentlemen 
with whom they were all acciuainted more or less, and who had beeu of 
great service to the Institution. He thought it very desirable that they 
as memliers of the Iiietitutiou should use every means to induce those 
who had resigned on ae<.;ount of the increase*! subscriptions to return to 
their membership at the very earliest possible date. 

He might sity that the total number of members up to the present 
was 653, including those who had beeu elected that night. 

They would observe that the Council had decided on having the in- 
stitution represented in a combined deputation to wait upon Lloyd's 
Committee. He pi'esumed that the greater part of the memlwrs were 
aware of the meaning of this intended deputation; it was therefore un- 
necessary for him to say auything beyond what they would find alluded 
to in tlic address he was about to give. 

With regai-d ui the Chair of Naval Ait:!jitecture, this matter had been 
bifoi-fc them for 11 conwdenible time. Pi-oftswu' (lurnett was there that 
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PRESIDENT'S INAUGURAL ADDRESS. 



Dblitbbbd Octobbb 8bd, 1888. 



Gentlemen,— It has been your pleasure to elect me to the post of 
President of our Institution. It is an honour of which any engineer 
would be proud ; to me it is one of the highest value. My career is known 
to most of you, having been passed in your midst^ begun at the age of 
fourteen in the same workshops with which I am still connected, those 
of Robert and William Hawthorn of this city. I have gone in and out 
amongst you with scarcely an interruption for nearly forty-four years, and 
some of the workmen to whom as a boy I have held the candle are still 
amongst us. It has pleased you to falsify the proverb regarding the 
giving of honour to a prophet in his own country. 

You have conferred on me the highest honour it is in the power of 
the Institution to bestow, and I enter on the duties of the oflBce relying 
on my own firm determination and the cordial co-operation of all our 
members, and especially my colleagues in the Council, to continue and 
still further advance the interests and usefulness of our Institution during 
my year of office. 

The report you have just heard read calls for a few remarks at the 
present juncture. The papers of the past session, and we may express 
our satisfaction in saying it, were all of great professional value and 
interest ; and, it is not too much to say, worthy of any Institution in 
the world. The papers of our Institution are now sought for and read 
in our own and other countries as records of engineering and shipbuild- 
ing experience of the first importance. As many as forty-six volumes of 
-our past Transactions have been sold during the year, many of them 
to Germany, x\merica, and other parts of the world, and the volume of 
the last session is equal to any previous in quality. 

I will not comment on these valuable papers further than to say in 
regard to one of them that its importance demands it should be only the 
first of a series, I mean that on the " Combustion of Coal under Natural 
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and Forced Draught;" the experiments recorded have only touched the 
outside edge of the advantages open to us in the application of the prin- 
ciple of forced draught, and it is of importance it should be still ftirther 
experimentally investigated. This Institution has no funds for this 
work, but, in co-operation with the Council of the Mining Institute, 
assisted by the coal trade of this district, experiments might be carried 
on to such a complete extent as to settle the vexed questions of Welsh 
vt'rsm North Country and other bituminous coals in regard to their value 
for marine purposes — under properly defined modes of working — whether 
under natural or forced draught. 

The papers already promised for this session are also of much in- 
terest. 

This is the centenary year of marine engineering. Exactly 100 years 
ago the first vessel driven by a steam engine was put to work. The 
President of such an Institution as ours might be pardoned if he 
inflict<?d upon its members a "Historical Address" recording the mar- 
vellous growth of marine engineering and shipbuilding, had the work 
not alrciidy been recently done so gracefully and well by the Earl of 
Riivensworth in his admirable address to the Institute of Naval Archi- 
tects, at its recent meetings in Glasgow, and in the paper on " The First 
Century of the Marine Engine," read by Professor Dyer of Glasgow 
University at the same meetings. 

In addressing you this evening, I shall endeavour to avoid discoursing 
on *' Nothing," and even, if I can, to shun the " Next to Nothing," 
because of the transcendent ability which has recently been so power- 
fully directed to those apparently negative and unsubstantial subjects, 
and I feel I must content myself to follow, at an almost infinite dis- 
tance, the great minds who can find in such intangible subjects matter 
from which to develop the splendid intellectual eff*orts to whicli some of 
us may have listened from the lips of the late Lord Iddesleigh and 
Sir Frederick Braniwcll. 

My purpose this evening is to talk with you, to the best of my ability, 
of OUR DAILY WORK and what it requires of us. 

At the ])egi]ining of this our Institution year, it is gratifying to be 
able to congratulate ourselves and all associated with us, whether 
l>ro(essionally, commercially, or mechanically, that we are, in the order 
of providence, being lifted out of the C(mdition lamented over — though 
in hopeful, almost prophetic tones — by my distinguished predecessor in 
the two valuable addresses delivered during his term of office. I mean 
the condition of having "//^/ )}o work to do'' 
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Notably on this North-East Coast tliis is so. If only capitiil and 
labour will agree to work each for the interest of the other, and not only 
for its own, n^xirt from the other, we may confidently look for a winter 
in which we shall have '*no complaining in our streets," but work, 
wages, comfort and plenty for all. 

What a marvellous change have a few months wi-ought ! Not many 
months ago our yards were wnspicuous for their resemblance to a blighted 
forest — a wilderness of bare poles around which the grass grew luxuriantly, 
and the cattle might almost have rejoiced in the abundance of food — the 
owners thereof travelling to the ends of the earth and struggling night 
and day that they might proselytise the man who was known to have 
** an order to place," all willing to sacrifice a large part of their " work- 
ing charges," many willing to let them all go — and some, alas, more 
than all — ^rather than let go the unhappy man who has it on his coii- 
sdenoe that he bought in the cheapest market and brought about a 
condition in the nett cost balance so terribly disastrous to the successful 
competitor. Now, all this is changed, and our daily work rec^uiies of us 
that we, in all politeness, request the erewhilc object of our quest to be 
good enough to wait our convenience, and give the price with reasonable 
profit which we now demand. As a happy shipbuilder recently said, the 
difficulty now is not to get buyers into the office but to keep them out. 
Marvellous change ! It is no part of my " work " here in discharging 
this duty to descant on the causes which have brought it about, the folly 
of overbuilding — or, if you will pardon the suggestion, of overtrading 
in affording facilities, unsound and unreal, for overbuilding — a glutted 
market, with depreciation, loss and rain following in its wake, and in con- 
sequence a cessation of building, a continuous death-rate or shrinkage of 
tonnage, abundance of money and a deficient harvest, the upspring of 
new trades, improved and therefore cheapened production, improved ma- 
chinery and reduced consumption of the fuel necessary for propulsion, 
improved means of working cargo — all have contributed to bring about 
the present demand and to affi)rd us an abundance of our daily work. 
The lessons of the past five or six years, let us hope, will not soon be 
forgotten, but the remembrance of them form part of our daily work and 
contemplation. 

Let us consider the nature of the work in which most of the membei-s 
of this Institution are eug^ed. It may l)e generally described as 
Engineering, or the art of Constructing and using Engines or Machines. 
With many of us our engineering is directed to engines of destruction — 
and we cannot contemplate the niagniticent establishment at Elswick, 
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with itB 14,000 workmen and itfi maivellous achievements in the inven- 
tion and manula<;tm'(! of ordnance of ail descriptiona, withont a feeUngof 
pride and EatiBfaction that the development and outcome of the gemoB of 
IfORD Arhstbokq and thoee associated with him have led to such resalta — 
but with prohably the majority it is devoted to the more peaceful pur- 
pose of ministering to tiie wants of our fellow-creatures by providing 
transport either by land or sea for themselves or the iM>minoditie8 neces- 
sary for their sustenance and comfort, and generally to supply the de- 
mands made by a constantly advancing knowledge and civilisation for 
the more complete realisation of the highest ideal in regard to expedition, 
eatety and certainty, combined with commercial success. In the build- 
ing of ships, machinery for their propulsion, guidance, lighting, loading 
and discharging, and their e:[])editiouB working and in the manufacture 
of locomotives, bridges, hydraulic and steam cranes and other appliances 
for reducing labour and in the nianalacture of tiie various materials used 
therein we moat of us find our daily work. 

Now, such being the case, what does it demand of us? In endeav- 
ouring to answer this, I presume that I hiive now the honour uf 
addressing members of this Institution, all of whom arc imbued with the 
principles set forth in our constitution as itfl object — namely, the promo- 
tion of the advancement of the science of Engineering and Shiphuitdinjf — 
and therefore I shall venture to take you over the ground of our personal 
and individual relations to oar work from the time we begin such asso- 
ciation to our present daily work and all it demands of us in the way of 
personal fi/iplii-tition, obn^rvatmi, Htudij and eimihiH. 

First, I would say, it demands of us fitness. We have associated 
with lis about 70 graduates — yomig men devoting themselves as 
apprentices to engineering or shipbuilding — and doubtless there are 
others in whom we arc interested anxious to enter on such a CHieer, 

To those of us Iwlonging to the generation now passing away, such 
fitness as we possess for the positions we twcujiy has come to ne as the 
result of long and frequently dearly bought experience. New require- 
ments bad to be met, of which we had little or no previous knowledge — 
cither of the facts bearing upim them or of the principles which might 
have guided us in carrying out the work involved. With many of us tt 
has often been a groping of our way, or, may be, taking a leap in the 
dark : the occasion demanding immediate action has found us nnjirepared 
and unfitted for the work of the day. To the rising men of to-day no 
excuse such as might he made lor some of us can now bo made. No 
yunni; man need now hvavc school without such a tr.iiiiing aa will eiialile 
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him to take immediaU advantage, on the best Lerim, of the lacilitieB 
atfonl€<l in all our t<iwns rurcontintiing Iiib education and obtainiDg sach 
a thor-iagh knowledge of acience ns will, if combined with tlie ilnil)- 
training of the workshop, fit him for any position of practicnl Qs^ruhiesa 
in onr professions. Tlie cnconragemcnt given by the (lOvemraent of this 
conntry in its Science and Art Department, working tUrongh such 
institntione as those at Elswick. Bnth I*ne, and elsewhere in thiacitj, the 
sdmnlus afforded by Whitwoith and other Scholarships, the ])ersonal 
interest taken by noblemen anch as LoBD Abmstronq. manufacturers, 
nnd others, all cootribate to mnke the fitness for work a more iaciie task 
for the man of the f ntnre. 

As U) the best way in which this may be brought about in practice, 
I Tcntore U> endorse the opinion of I>okd Arhstroko. exjireseed in his 
recent paper on ''Technical Edncation," and would repeat his words 
that " A man's success in life depends incomparably more upon his 
cspadties for usefnl action than upon his acquirements in knowledge ; 
and the edncation of the young ahonld therefore be directed to the 
development of Rtcnllies rather than to the acqnisition of knowledge, 
which may l>e deferred to more mnture age." On a hoys leaving scliooi, 
say at U or 15 yearaof age, and baring evinced a preference f'jr mechan- 
ical pursuits, let him at once be placed in contact with tmrk th/it in In b« 
iJnnr, 80 that the facnlty of »mng, ihinr/, and making tonuUiing may bo 
cultivated — that is. his eyes, hands, and intellectual faculties may be 
eiercised from day to day. With a view to this, I prefer to start a 
yonth on such work as pattern-ma kin;;, joinering. moulding, foiling, or 
smithing in engine works, or smithing, joinering, or model-making in a 
shipyard. The adapting and combining parts will come afterwards, 
nsturally and easily — such as erecting of machinery and the building up 
of the various parts of ships which really depend, in all well managed 
works, more upon mechanical arrangement and accuracy than on indi- 
vidnal power or fai'ulty. 

Th« individual, if wisely directed, while bo eDg>^:ed during work 
hours, will buve been keeping up his studies during his leisure hours 
and. considering the short hours now worked, these are many. If you 
ask what ahould be the subjecta of his study, T would aay, Mathematics, 
Applied MechauicB, Heat, Electricity, Chemistry, Metallurgy, Graphics, 
Drawing, and, with these, on no account to neglect the study and 
eierdae of modem languages — French. German, and Italian — for which 
purpoae friendly association and conversation with persons of those 
national itiee will be fmtnd most valuable. 
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If it be dt«irt>d to pnnae further the higher hraoclies uf onr pmfeaaon 
hj Bindj in our c">Iiejfi«, for the reason l*efore stated I prefer that ihia 
shonld be done if/fi^r rather than before the Hppreuli«-8hip m the work- 
dwp Lt orer; then the mind is ready to receive and readily apply, 
because it peroei^-es the practical bearing of the subjects, principles and 
Uws expounded is the clasB-nx>m or IalK>rat«ry. 

in all this time nothing is so important ae the cultivatioD of halnt« 
iif observation. The differences in men largely consist in seeing and not 
seeing what is going on aroand them. " Eyes and No Eyes " is an old 
children's story that mi^t he re&d with profit by many of ns who are 
only after all " children oFa larger growth." Nine-tentlis of onr tronblea, 
mistakes and inefficiency in office and wnrkshop iirise from the neglect 
of this fecnliy. That which we fail to ohiwrve is useless, or roay bo worae 
thnn nseless, to us. whilst the oliserving of it would remove a difficulty, 
correct an error, restore efficiency, or open np as well as clear the way to 
new fields of action. 

In tJie cultivation of the eye, the science of Graphics, or the repre- ' 
sentation of forces, results of experiments, culcnlations, or processes of 
reasoning or working, by means of diagrams, muking such results visible 
to the eye. is perhaps one of the most important applicatioiiB of Mathfr 
matics of recent years. 

Similarly, I consider the power of sketching by hand the ideas, 
designs, and details of designs that constantly present themselves Ui 
the mind of the engineer or shipbuilder who has the spirit of his pro- 
fesflion is one of the greatest powers he can possess. The kte Robert 
Hawthorn and his brother William had this foculty largely developed. 
The mode adopted by these brothers in their earliest wurka was as follows 
(pnraping and winding engines for coUioriM being in their early history, 
their chief work) : — On ordinary foolscaj) sheets the work to be done was 
calculated and the size of boilers rcqnire<l, diameters of cylinders and length 
of stroke stated. The parts were sketched liy hand alongside the calcula- 
tions iu sufficient detail to enable the raillwright or pattern-maker to lay 
them down full size and to make the pattern for the founder. Copies of 
every part were hand-sketched on sheets of foolscap for the smith's and 
other shops. Every detail requiring explanation to the workman was thuB 
sketched and afterwards the sheets were stitched together, farming to 
this day interesting records of how these, in their day, gianta of 
engineering did their work, it ia needless to say, in much less time than the 
modem dranght«man could do. I mention this principally to commend 
the practice to our younger members and to show whst many ai-o slow to 
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believe and therefore seldom act upon in our oflSces, tliat to be able to 
sketch out freelj on paper the design present to the mind is to have 
more than half completed the drawing to be laid down afterwards for 
purposes of detail, manufacture and record. Time is of the essence of 
eveiy contract and of all places it is of greatest value in the dniwing 
office ; one day saved there is worth months afterwards and a profit to 
boot. 

I think I may mention here a scheme which is Ixiing promoted by 
the Engineer-in-Chief of the Royal Navy— Mr. Richard Senxktt— 
and which cannot fail to have great attractions for those of our young 
men who avail themselves of our colleges to enable them to pass an 
examination in science, or such branches of it as constitute the usual 
engineering course, viz., the selection of a number of engineers so 
qualified — about ten in each year — for appointanent as Probationary 
Assistant Engineers (to rank as Bub-Lieutenants) in the Royal Navy. 
For such appointments, the applicants must have served a regular 
apprenticeship of not less than three years in an engineering establish- 
ment and passed through the regular course at a recognised college for 
education. 

It appears to me this scheme is one of great ])i'omisc fur the future 
of all young engineers who care to qualify themselves for such iip|X)int- 
ments in the service of their country and it should provide for the 
Royal Navy a class of well-educated, practical men, accustomed to work 
and well acquainted with the construction of the machinery of which 
they are to take charge. It further opens up empltjyment for many 
amongst us who, having mechanical tastes, have a difficulty in finding, at 
the end of their apprenticeships, situations suitable to their station in 
life in other respects. The regulations for these appointments will, I 
understand, l)e published shortly. 

Next to observation by the eye, I would remind you of the importance 
of close and earnest reading of the scientific journals of the day. Nothing 
has stnick me more when visiting other countries than the high value 
and importance attached by the Ministers and heads of government 
departments, as well as more subordinate officials, to the records and 
drawings published from week to week in Emjitwfrinii, The Enniufcr, 
and other of our weekly journals, and this leads me to remark by the 
way to how few of us are the journals of other countries — in many cases 
most valuable journals — intelligible, or in a language we understand. 

The man thus fitted becomes a "workman," whether with his brain. 
his hands, or both, and as such has the knowledge and cajmcity of ix?i*sonal 
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teaiionBibilitj for his work and to his fellows, ivhether the work be that of 
design, e;(ecution, or direction, by himself or in co-operatrion nrith others. 

In the fulfilling of any of thf«e tiinctions the workman must huve an 
atcumte knowledge of tlie materials best fitted for hia work, their pro- 
portions, strength unil diiral)ility, and Iheir iidaplability and fitness fur 
the purpose he iias to accomplish. In this respect wc havu now great 
advantages over our predecessors. For instance, in our shipbnilding the 
BobBtitution of steel for iron h»a brought with it the practioe of con- 
tinuous testing to secure uniformity of ijuality, so that now no Steel or 
iron can be tixcd unless it« tensile and bending tests reueh an accepted 
Btanditi'd of strength. It has led also to the much more careful distribu- 
tion of material, itdjustmeut of riveting to strength of materials, and, to 
some extent, the proportioning of scantlingB to the requirements of the 
relative strains. This latter ijueation is still one of those requiring the 
careful attentioD, as part of his daily work, of the naval ai'chiCect, iuHfi- 
uuch as arbitrary liodiea hke the Board of Ti-ade and Lloyd's Couimittee, 
constituted as they are, afford little or no guarantee that the hest imstibis 
is being done in this direction. 

Much slill is demanded of the naval architect with regard to the bust 
form of vessel and the most sure method of ascertaining it for a ^ven 
speed. Whether this is to be liest done by the " experimenla! tank" or 
by the more slow and empirical method of calculation and progi-easive 
trials of similar ships ts still by mauy considei'ed open to question. I 
beheve 1 am correct in saying that the experience of the British Admir- 
alty in the estulilislmient and use of the experimental tank goes Us prove 
it to be of the utmost importance and viilnu. The question of such a 
tauk in thin district and the more impoitaul one of the establishmeut of 
a Uhair of Naval Architectuiv will (ijrm part of the work to 1« dune by 
yuur College of Science Oouunitt«e during the current session. The 
gmwtng importance of oui' district as u sliipbuiiding centre demands that 
this subject should e^'ur lie kept before the minds of the members of this 
Institution und earnest steps taken to establish sucli a centre of instruo 
tiou as will enable ub tu go on in progress, scientific and practical. 

Many of us uuuuot I'orgct the day when the building of u war veasal 
— by which I luean a vessel requiriug the highest description of work- 
manship — was a rare event in this locality and the construction of the 
machineiy of such a vessel was a work with which we were not to be 
trusted. Mai'iite engineers located in these parts were only deemed 
capable of making machinery For a collier or " ocean tramp," whilst all 
\s(.irk for wfir ^"csse^B must be delegated to our brother cugineei-s on llie 



INAUOURAL ADDBB88. 21 

Thames. This state of things exists no longer. Vessels of the highest 
class for war purposes are constmcted in our midst and it is only right 
and just to saj that the most important advances in high-class machinery 
for such Tessels and the production of the highest power on the least 
weight of material — so enabling the naval architect to design vessels of a 
speed and power previously unattainable — have had their earliest and 
fullest development up to the present time in the engineering establish- 
ments of T jneside. 

The same pn^ress may be noted in other descriptions of vessels for 
commercial purposes. The development from the Screw Collier to the 
highest class of merchant and war vessels — combined as it is with the 
magnificent works of Jarrow — is due to the enterprise and energy of 
Sir Charles Mark Palmer and Mr. John Price (General Mana<rer of the 
Company), one of the Council of this Institution, and those associated with 
them. The oonstrnction of the ''oil ship,'* as it is now called has 1)een 
made — most sucoessfully in every respect — thesj)eciality of another of our 
Vice-Presidents, Mr. Henry F. Swan. For Atlantic liners and firat-class 
}ia8Benger vessels of high speed and best accommodation, the world has 
been accustomed hitherto to look to the Clyde, and perhaps justly so. A 
friendly rivalry now, however, exists between the two sides of the 
island. Many vessels of sixteen and seventeen knots have recently Wn 
delivered in this district, of unexceptionable finish and completeness, 
and now one of large dimensions, with a speed of eigliteen knots, is iK'ing 
built, which as a passenger vessel will be equal to anything afloat. 

To maintain our position and continue our progress it is essential 
that the men coming after us should be afforded all the advantages 
possessed by those of other districts in facilities for scientific tniining of 
the first order — hence my appeal for a Chair of Naval Architecture in our 
College of Science as a work of continuous effort until it is obtained. 
The College is now an established fact amongst us — thanks to the 
indomitable energy and perseverance of its Council and its Princiinil, Dr. 
Gamett. It has now a *' local habitation and a name" and we would do 
well to make it the success which its Council deserves at the hands of our 
Institution and of the North-East district. 

Before leaving this part of our daily work I would mention again — 
because of its, in my opinion, great importance — the subject of liglit 
engines and boilers combined with forced draught. A war vessel — 
the "Elisabeta" — built at Elswick and engined by the company with 
which I am connected, has just completed her trinls. The vessel is 
222 feet long, 8d'5 feet beam and 11 '5 feet draught. The engines are 
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twin-screw, having cylinders 26, 40 and 57 inches diameter, with a 
24-inch stroke and foor navy-type boilers, having 6,050 square feet of 
heating surface and 214 square feet of grate surface. The displacement 
is 1,263 tons. Her speed on the measured mile trials, extending nearly 
four hours, was 18 knots with open stokeholds and 18^ knots with closed 
stokeholds. The indicated horses-power was approximately 5,000, and the 
total weight of the machinery and water was under 250 tons. Thus 
with a triple expansion engine, with navy-tyi>e boilers {not locomotive), 
strong cast steel framing, no working part loaded to any more severe 
strain than in an ordinary merchant engine, we have one indicated horse- 
power for 112 Ibe. or 20 indicated horses-power per ton of weight. 
Engines with boilers of locomotive-type have given as high as 24 indi- 
cated hor8e6-}x>wer per ton, but this machinery is the lightest yet fitted to 
any vessel, war or merchant, having boilers of the usual freely accessible 
navy-type, and it is of such a substantial character and design that any 
voyage may be undertaken without hesitation or fear of mishaps other 
than is incidental to the machinery of any other vessel. 

It may be interesting and useful to compare the magnificent per- 
formances of two vessels recently added to our Royal Navy, with one of 
which we are immediately Jissociated, H.M.S. "Victoria" and H.M.8. 
•* Sansimreil," the machinery of which vessels was supplied by 
Mt'»«r8. llumphrys, Tennant, & Co., of London, with the performances 
of tho ( -uimrd liner " Etruria," of similar power, and the Elswick cruiser 
!ilM«\o uu'nti<»ned. The contract }x>wer of the "Victoria" and the 
" s^iUMHtUHir* was originally intendcii to bo 12,00(» horses, but on their 
nial». v^oiuiiu'lrii by Mr. Robert Hnmphrys — jxjrhaps under the stimulus 
,.i A UmwW^xwk' premium — they attained a maximum power of 14,r)0(» 
U,»i.u ^ *»»» u wrif'.lil <)f 1,100 tons, the heating surface of the boilers being 
•v»,.H»i> ^nmh* loot and the grate surface t>iU> square feet. In relation of 
x\v iv.h. I ■ I's'NUM (l»r iHnnparison therefore will stand as follows: — 
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ituireaBiiig nomber of the members of this lustitution at the prosent 
moment, and as it is nnturally siigcrested by thi; iiborc pnragrapU, I 
veutuie to di|;ree8 a little from tbe special subject before me. Newapaper 
correapondeota have great reaponsi bill ties and there ia no clnsa of men to 
which we are more indebted. They infliteuco us in every aspect of oar 
life, individually and nationally. One of these p;entlemen remarked, in 
conversation with a friend of mine interested In torpedo work, not long 
ago, " I Bnppose yon wonld like u war to break out with somebody, or 
somewbere ; it would be a harvest for yon ? " " No," my friend replied, 
" I would nof like a war, but I do. and would, like a good scare. Cannot 
yon belp in that ? " Now. the stories of newspaper correspond en ts go 
vei-y far uHen in ritiaiug and helping on a scare, net withstanding the 
stories are, or may be Imsed only on rumour, or possibly want of know- 
Irfge, 

The conclusion to which we must come, if we are bo accept all we 
have read lately, is that onr fleet is almost worthless, and the vesaela, and 
especially bheir luachiuery, absolutely nntrustworthy ; and that this par- 
ticularly applies to ihe more recently constructed vessebi, high-speed 
protected cruisers, torpedo gunboats, torpedo boat chasers and torpedo 
boiite. The mneliiuery of these claasea of vessels being thai which ha« 
for many years formed the leading [)ort of my daily work, I have taken 
some trouble to Eind out if the stories were true, bow and where the 
engines and builera failed when put to the stress and strain of nctnal 
work, and I will ask you tu pai'don my departing fVoni the firdinary 
form of an address while we look at this subject. 

Largely due to the continued advocacy of I^ro Aumstronh and 
thoae associated with him fnotably Mr. W, H. White, formerly of Elswiok, 
now Director of Naval ConsLruciion tu the Admiralty), vtascla of the 
high-speed cruiser claan, with light machinery of great power, have 
become thu accepted type of the larger proportion of war vessels for onr 
own navy as well as for the navies of other countries, and in tht'se 
vewels three groat changes, incidental to their rerjnireinents. Iiave lieen 
going on concurrently, via.: — 
1. — Forced Draught; 

i. — Triple Expansion, with ite attendant higher pressuiv of Btcitui ; 
3.— High Speed of Piston and of Revolution. 
These have rendered puisible the attuinmeut of great powers with small 
freight of machinery. 

The changes and progress have, however, been so rapid in this, us iu 
all kinds of marine engioeeriiig and in all Ueacriptioiifi of vessels, that 
many matters of minor detail, now found to be essential, have only been 
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drrived at by ejEperiemie in working — such mattere, for instaDce, as tbe 
best syitteni or [ubricntion, piickinga for pistons, piston and other quick 
moving rods, modes of ndjiistment, etc. There is a great tendency to 
credit a system with fnilnre ia ci»nee(iQenee of a necessary ottention lo 
adjustment or a defect In detail which does not in tlie slightest decree 
affect tbe principle on which tbe system is based. It was unreasonable 
to expect that a considerable nnmlier of ships should be rapidly com- 
mlBsioned, nnth engine room complements to a large extent strange to 
the ships, a large proportion of the stokers freshly entered and untrained 
to sea-going duties, without the machinery requiring adjustment in its 
bearings, glands, etc., to make tbcm lit for continuous steaming. Yet 
any stoppage for adjustment of any of the many hundreds of bearinp 
has sometimes been reported as a serious detriment to the efficiency of 
the ship. 

It cannot be too clearly nnderatnod, and should go forth from an 
Institution composed as this is of practical engineers, that incidents of 
this nature are inevitable to any and every kind of machinery or sot of 
engines. It is only by continuous working, voyage after voyage, that 
our Atlantic liners hare secured that immunity from accident or 
stoppage in niid-ocenn for which these trinmphs of engineering and 
naval skill ai^ so justly celebrated. 

So far as <-au be judged ftiim the information published, which 
appears pretty full and complete, such defects as have occurred have 
arisen in the ships newly commissioned and were of the cliaracter 
mentioned, such as are always expected in new ships; and iiirther, 
tliey were in no way iittributable to tbe adoption of the principles 
either of forced draught working, high-speed, or light engines. 
This remark applies also to tbe various classes of Ships in the Royal 
Xavy eraployetl in the recent manceovres. Reports have been published 
den^atory to some ships because they did not fulfii functions for which 
they were never intended and to which they oonld never in the nature 
of things attain, as, for instance, the discomforts of a small sbip in a 
seaway being incomparably greater than in a larger ship. Yet this is 
complained of by one of our newspaper friends and the ship written 
down as an unseaworthy type of vessel. 

In regard to defects in boilers, it is quite possible, indeed most prol>ablei 
tliat, to meet the demands of the officer in charge of the vessel, tlie 
blowing fans may have Iwen injudiciously used to effect rapid variations 
in the pressure and power of the boilers, which would severely strain 
them, and that through imperfect firing from want of experience, the 
grates have not been properly covered with fuel, when, with a consider- 
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able air-ptcflBore maiDtaiued tu the l)oiler room, the air rashmg into the 
furnaces would be injurioas to the tube ends and cauaa leakage, bnt 
this moEl not be attrihated to the ByBtem, but to the neglect uf a proper 
nae of it. 

Every new Bystem that has been introdaced into marine cn^neering 
has been attended by cerlain inconveniences at hrst until the peopk 
charge had been "trained" to its piuper management ; we all remembn J 
the difficnlties esperieaced in the introduction of higher presBures in the 1 
Simple Expansion Engine, the outcry againBt Surface Condensation and 
notably agunst the Compoand Engine, even by Engineera of the 
highest eminence. 

Whatever dilficnlties or defecte may have occurred during the recent 
manceayres are of a very minor cliaracter, such as muat necessarily occur 
nnder the conditions, and there cannot be a shadow of a doubt they are 
such aa will be eliminated in the ordinaiy course of working and with a 
little experience. The principles are right and details will soon be 
accommodated to the new conditionB. 

So mnch depends on the "human factor" in all questions of this 
nature that it is very doubtful if the present system of running war* 
ships at their most economical rate, which is very slow, when on their 
passages from port to port is at all a wise one. Clearly what is wanted is 
that the engineer officers of all grades should be made as efficient as posai' 
ble and the most advantageous course to this end, even from an economic 
point of view, seeing that frequent manaiuvres are very costly to the 
country, would be that all our warsbipe should make their passages at 
fall speed eo as to accustom the engine room and boiler room staffs to 
all the exigencies and re<jnirements of working their engines and boilers 
at full power and s|>eed. 

Considering the number uf ships engaged in the recent manceuvres 
the mishaps were very few indeed and the performances reflect great credit 
upon their designers and the officers in charge and should give every 
confidence in the principles thot have Ijeen applied to the development of 
iraiahips' machinery, l«th in the British and Foreign navies, viz.. high 
speed of revolutions, lightness of construction, and forced draught, which 
uloue have rendered high speed in ships of moderate size possible. In 
connection with this question I would remark, regarding Admiralty con- 
tractors' trials, that much has been said as to their u^elessness und uurelia- 
bility. I cannot concur in such an opinion. They are of the utmost 
value in ascertaining maximum resulla for purposes of comparison of both 
Bbipsftnd machinery, but they are much misnnderstood and sometimcB 
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mieapplied by officers in (»mmand. For inatanw, we read that H.MJ 
"MercQry" made a passage of 300 miles iu 17 hours, orDearlj 18 knot 
l«r hour. Now this was never intended. It Ib true that in her trials al 
made 1^ knots. The captain, knowing this, did hia beet to realise ili 
when on service-dutj and she did her work well without mishap np fa 
18 knots, but her real sea-going speed is IG knots and to thatahe shouldE 
have been kept. Contractors' trials, as i-equired by the Admiralty, a 
tmeriftnry trials under forced draught pressure of two inches of water, h 
the (iill power at sea for cunttnnons running is considered to be thai 
dne to an air-pressure of a quarter to half inch of water [that i^l 
in most abipe, about double the funnel draught] and at this rate there a 
be no question the engines and boilers of our warships conld be 
safely worked at their sea-going flilt power as any merchant vessel fbr.l 
as long a time as their cObI supply lasted. 

I fear, gentlemen, you will think I have departed altogether f 
tht; text on which my remarks were to have been mrtde; not so, hnweref. J 
My coorvc in this matter is very tike Chat we pursue in our own homM 
and by onr own firesides. We should not then talk "shop" and wal 
iipclogise to those nearest and dearest to us for doing so, but the friend ^ 
of onr daily work comes in and we go back to the sliop, yes, aa naturally 
as the sunflower to the sun -. we cannot help it and it generally happens 
that it is onr own shop and our daily work in it. Thus you sec the 
naturalness of the large digression I hare made, I trust not altogether J 
unacceptably to you. 

Fitness demands exbrcisk or woBK. " The first necessity of man is I 
to live and his first duty is to work," said Lord Salisbury on a recent 1 
occasion, and work demands fidelity. 

In engineering and shipbuilding, fidelity, or faithfulness, embraoeg 1 
everything and everybody with whom we have to do. A great writer hu j 
said "The beat security for the fidelity of men is to make interest j 
ooiucJde with duty." This is by no means the highest motive to dut;, ~ 
but, in the preaenl state of society and man's imperfection, it is probably ] 
strictly true and indicates the direction in which it is onr wisdom to go, 
The interests of our client, the shipowner, we should make our own. 
I do not meftu in the way of fimtiicial facilities, but that we should make 
ourselves acquainted with his wiinta and the necessities of hia trade, so 
that our work when completed may faitlifnlly meet his intentions and 
give him the satisfaction he has the right to expect for the money hfl I 
invests in paying us for our work. 

He finds, as he cannot see to all details himself, that it is ncctesaiy 
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to appoint a representative or inspector and in addition he has the 
inspectors of the Board of Trade, of Lloyd's Register, or the Bureau 
Veritas. 

This all has the appearance of euspicioD and a low appreciation of the 
fidelity of the shipbnilder or engineer. It is not so, however, in any bad 
sense. The owner^s inspector is merely the representative of himself and 
is a most nsefhl anxiliary to the contractor in making sure of the wishes 
of his client and relieving himself of certain responsibility. The inspector 
shonld be, and generally is, an engineer and naval architect in the fullest 
sense of these words. He has generally to advise his " owner " on the 
form, construction, and outfit of the hull, and also the power required 
and the details of the machinery. 

For this duty it is clear he must be fully e(|uipped scientifically, 
practically and commercially, if he would secure and retain the confidence 
of his client the shipowner and the respect due to his office fi*c>m the 
shipbnilder. The working of the vessels, from the standpoint of greatest 
interest to this Institution, is in his hands. Many of our members, we 
are glad to say, hold such positions with credit to their profession, and I 
take this opportunity of asking them to favour us with papers giving the 
results of the working out of the many problems in relation to engineerinjr 
and naval architecture which come before them in the discharge of their 
important duties. The manufacturing engineer and shipbuilder have 
little opportunity of observing the effects of their juint efforts in the 
working of the vessel and her machinery. The insf>ectin«r engineer has 
always the results before him and if he chose could aid very much in the 
solution of many questions of interest to this Institution. 

It is considered necessary to the security of the lives of passengers on 
board ship that the regulations of the Board of Trade should l>e faithfully 
complied with. This is most desirable and pro[)er. The law is not made 
for the righteous, but for the sinner. Many of as are most anxious to do 
the very best in the interests of the public, but, unfortunately, are much 
hampered by the interpretation and hard renderintr of regulations in- 
tended by the legislature to be elastic, and the want of harmony Ijetween 
the regulations of the Board of Trade and those of Lloyd's Committee on 
the same questions is a constant source of irritation and trouble. 

The rules of these institutions are in most ca.ses binding ujx^n en<rine<'rs 
and shipbuilders and in this aire of pro^rrfss and advaijoement it is 
necftssary that they .should fi^^siJess sufficient elasticity to adapt th'-msolvi-s 
U) circumstances which are O'ntinuallv chan'/iuii. It is a well-known 
fact that if an adherence to tlies*: rulr-s had U,-en requin.-fl in our war 
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veasL-lg vc sliould now he without many of our Hwift«Bt and most eflidtail 
crniaers. which vessclB have done and are doing their work well nnder all 
the ordinary conditiooB and exigencies common to other vessels and in all 
patt« of the world How is thie unBatisfactory w>udition of things to be 
modilied, if not altogether changed? In my opinion, what is wanted and 
what innat sooner or later be done, is the appointment on the f^oveming 
bodies of these institntioDs of tJie highest Techuital talent to he fonnd in 
the kingdom. If there were appoints annoaLy on these bodies some of 
our leading engineers and shipbuilders their rales wonld, without doubt, 
give greater satisfactii>n and would certainly inspire more uonlidenoe thu 
any rules can when they are formulate<l and devised by a few unchangiag 
professional udWsers, however competent they may be. 

I make these remarks not in any spirit of antagonism to the gentle- 
men who now guide the destinies of those institntions (and to a great 
extent onr own destinies also), who very rightly are highly respected 
and who do their work in as efficient and satisfactory a manner as is 
poauble under the rigid system npon which those institutions are based. 

Your Conncil has appointed a deputation to act along with one from 
the Institution of Engineers and Shipbuilders of Scotland and the Insti- 
tution of Naval Architects of London iu making a repreeentiition of 
onr views to the Committee of Lloyd's Registry, Their views i\k on 
the tines I have indicated ; let ns hope the Committee will endeavour 
to meet tliem at the earliest date possible to the conditions of it* 
oonstitntion. 

tt was my intention to have proceeded to the consideration of oof; 
daily work in our workshops and yards ; our associations and relations to 
each other ; the utilisation uf onr machines and appliances to the greatest 
advantage in the production of work of the most perfect accuracy; but 
this address is already too long, and these bninchca of our daily work 
may well be made the subject of a paper for discussion. 

We have spoken of our daily work and what it demands of us in 
relation to its material or profesBional aspect; but, gentlemen, there iff 
another side to this question, that, namely, which relates us to onr 
fellows engaged in the same or similar daily work. Those of na 
whose work ia mostly done by the hand or by physical exertion 
are often wearied with the day's work and it may ha tliey often long 
to he free from it and have what they deem to he the easier part of 
theworkibutdet«ud upon it the strain and stress are very fairly divided. 
He of the hcudwork is weiiried and worried by what he considers the 
ihoaghtlessnew, ihe selfishness, the stupidity and the wrong doing of 
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those of his own class with whom he is in daily competition, or perhaps 
of those over whom he is placed to direct and from whom he expects 
devotion and service. And again, he of the hand work chafes under 
what he thinks to he the arbitrariness and heartlcssness of those under 
whose direction he daily works. To him it is often the experience of 
"groaning under oppression" and he determines on a struggle to be free, 
to be better paid, to work shorter hours. He is quite right to do so if he 
likes; but either with the one or the other class the result is the same — 
vanity and vexation of spirit. On both sides, the welfare, happiness and 
good success depend on the exercise of the spirit of brotherhood and 
mutual regard, of charity in *' hoping and bearing all things," of 
mutual forbearance and gentlemanly consideration of others as well as 
and not only of ourselves and our own shortlived interests. The progress 
and wellbeing of all, the greatest good of the greatest number — these are 
platitudes to which we are accustomed, but it is none the less true they 
must be our object and aim in life if we would meet all the demands of 

OUB DAILY WORK. 



Mr. W. Boyd (Past- President) said, he had been deputed to ask them 
to join with him in a vote of thanks to their President fur his address 
to them that evening, and he need not say that it gave him the very 
greatest pleasure to discharge that duty. He was quite sure that he 
spoke the feelings and opinions of all those who were present there that 
night in addressing himself to the importance and value of the address 
to which they had just listened. It was in some respects a very remark- 
able production, for although some of them perhaps might not agree 
with all the points touched upon in it, yet he was quite sure they would 
all agree in the breadth, and fearlessness, and boldness, with which his 
friend Mr. Marshall had touched upon many points of very great interest 
and very great difficulty to the profession to which they all belonged. 
The points to which he had alluded were so numerous that it was im- 
possible to touch upon them all, and it was, of course, to a certain extent 
anusual to treat an address of this sort in the wav in which one would 
discuss an ordinaiy paper. The matter had to be approached in a 
different way, and yet, at the same time, he thought it would be hardly 
suitable that they sliould separate that evening without some expression 
of satisfaction and pleasure at what they had just heard. There were 
two points in the address which attracted his attention more particularly. 



30 DISfJUSSlON — INAUGURAL ADURESS. 

thdUfrh, of course, there were very many otherB. He entirely wisheil to 
endorse the remarks made by Mr. Marshall with rcgHri] to what was 
ualled technical education. He thought that Mr. Marshall had certainly 
Btnick the right nnil on the head in calling attention to the necessity or 
advisahility of their hide coming into the workshop before endeavonrii^ 
to train them afterwards to a greatei" extent in schools and colleges. The 
question seemed to resolve into this : What haa been the complaint of the 
last few years, and what is the complaint to a certain extent to-day ? It 
was want of employment for their unskilled laix>ur. Skilled labonr in 
all ordinary times can easily find employment; and he thought that the 
efforts of those who moved in this matt«r should be directed to endeavour 
to increase the number of Imys who were taught a trade to increase the 
ranks of the skilled workmen, and thereby decrease the ranks of un- 
skilled labour, and thereby remove as far as possible the causes which make 
deBtibntion when trade is deficient. Now, this was Isest done by inducing 
all young lads who bad the tendency, or anything drawing them in this 
direction, to go into the shops. The tendency, uo doubt, was to make 
office men of tbem ; but it appeared to bim that the efforts of those 
interested in these matters should be directed more to making skilled 
mechanics of them, and giving them a scientific training at a later stage. 
Mr. Marshall, in a great many other veiy interesting queatiouH, had 
alluded to the very remarkable results which bad been obtained in the 
way of light engines in the twin-screw vessel " Elisabeta." It was 
purely a technical and scientific qnestion, and he should be very pleased 
indeed if it could he made the subject of a discussion on some 
future evening during the wssion. It was alluded io, to a certain 
extent, he thought, at the close of the session before last, in May, 
1887, when Mr. Hall read a paper on compound and triple expansion 
engines, and the extent to which it was possible to introduce these 
light engines into the mercantile marine was tlien very fully de-alt with. 
He remembered on the last occasion Mr. Marshall was unhappily 
absent, and tliougb he could not profess to remember the figiii-es 
given that night, he (Mr. Boyd) ventured to take exception to some 
of the statements that were put forward then, and he ventured w expreaa 
the opinion that it was dangerous to exptwt to carry this system of very 
light screw engines into the mercantile marine^at least it could only be 
carried to a very modifie<l extent. Mr. Marshall had addressed himself 
that night to flbipon'ners, and that had more particularly called his (Mr. 
Boyd's) attention to the question. It was true that by the introdnction 
of assisted draught, with which their friend Mr. Fothergill had had very 
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great experience, a very great improvement had been effected, and his 
own experience went to show that something like an increase of 20 per 
cent, in the power of any good set of engines could be derived with a 
very moderate and very safe employment of assisted draught, and that, 
consequently, the weight of engine per indicated horse-power would be 
reduced from something like 450 lbs. per indicated horse-power, as given 
in Mr. Hall's paper, down to something like 350 lbs. per indicated horse- 
power; but that was a long, long way from what was indicated by Mr. 
Marshall that night, and he thought thty would be liable to be led astray 
if they got the impression that anything approaching the results obtained 
in the war vessels more particularly alluded to could be obtained in the 
ordinary practice of sea-going vessels, and therefore he would commend 
it to the consideration of the Council aqd to the Secretary whether an 
effort might not be made to obtain inrther discussion and elucidation of 
this very important subject some evening during the coming session. He 
had perhaps spoken too long, and perhaps beside the question, but from 
his own experience in the presidential chair he remembered that nothing 
was more unsatisfactory than to have one's efforts passed over with a very 
simple and very perfunctory vote of thanks, and he thought he should 
be in accordance with the feelings of Mr. Marshall in giving evidence 
that some of the thought and some of the care that he had expended in 
preparing the address delivered to them that night, had been thoroughly 
appreciated by those present. He begged to move a vote of thanks to 
Mr. Marshall; but before putting it, he was quite sure some other 
gentlemen would wish to speak to the same resolution. 

Mr. H. F. Swan said he had been asked to second this vote of thanks 
to the President, and had great pleasure in rising to do so. He had had 
the pleasure of knowing Mr. Marshall for a very great number of years, 
and of being associated very closely with him in many of the successes 
that had been turned out of this river. He had had special opportunities 
of observing the great care and attention and the very high talent which 
Mr. Marshall had been enabled to bring to bear, especially in many of the 
war vessels that had been constructed on this river during the last twenty 
years. He well remembered the time mentioned in Mr. Marshall's paper 
when it was considered that the engineers on the Tyne were not fit to 
produce engines for a high-class vessel; and his late firm had very often, 
even for what they would now look upon as a very ordinary merchant 
vessel, to go to London to get machinery. However, as the French said, 
" Nous avoQS change tout cela ;" and to-day the lx)ot would be on the 
other leg. It would just be as likely for southerners, or any other dis- 
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trict in England, to come here with the greatest confidence to get 
macliinery; and he said, ivithoub tear or contradiction, that there wi 
man in this ueighhunrhood to whom was more duo the great credit 
this change than to their worthy President, He had therefore great 
pleasure in Beconding the vote of thanks to him for the very able addreoB 
which they had just heard. 

Mr. DoKFoao (Past-Preaident) had very great pleaanre in rising to- 
Bitpport the motion placed befoi-e them. He thought tliey would agree 
witli him when hu said that the address they had jnat heard helped to 
cunlirm them all in the opinion which thi.'y had formed at the time that 
they elected Mr. Maraliall as their President. They then fe!t they were 
electing the right man in tlie right place, and after that night they woald 
be snre of having done so. There were one or two points he wished to 
refer to. He (Mr. Dorford) would like to emphasise what Mr, MarehiUI 
had said in coanectiou with the Chair of Naval Architecture at the Collie 
of Soienco and the experimental tank. Fortunately, circumstaaces were 
very much changed within the last few months, and they were more likely 
to be able to get over the great financial difficulty whicli last year and 
the year before was staring them in the face whenever they talked aboat 
the Ohair of Naval Architecture and the experimental timk. Probably 
tile times would continue to improve, so that during Mr. MarBliidl's pre- 
sidency tlioy might have the honour and pleasure o( getting that Chair 
Anally established, even if they were not able ao soon to boilil the Uok 
with all it« accessories. Success iu these matters would bo of iui- 
muuBC benefit to this district, and would help tu establish the position of 
this Institution, Then there was the question of the Mining Institute 
and the forced dniiight experiments. That question whs before them 
last year, hut there were uo definite st^ps t^iken. He hoped their Presi- 
dent would find time to push the question with [he Council of the Mining 
Institute, for mudi would depend u[)on his personal eSbrts. Mr. Boyd 
hitd reftiiTud bo one subject in the address which he would also like to 
refer to, viz., the question of "indicated horse-power" iu proportion bo 
the weight of machiuu-ry. According to the figures given hy the Preei- 
dvuti bheru wtks room Tor considerable reduction iu the weight of machin- 
ory IIt ordinary vessels. Although not u practical engineer, he felt thoy 
would have lo bo very cautious what steps they took in that direction. 
In the flgurefl givou comparing the " Victoria" with " Etruria" it struck 
that possibly the horse-power given of the former would be that 
duvutoped on the run over the measured mile, whereas with the " Etruri 
would Ijc the horse-jtower dt'*elopcd day after day across the Atlantic 
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Mow, if the horee-power were taken at which those on l)oard the " Vio- 
torift" wonld feel justified in ninning at continuoualj' for aix or seven 
dajs, probably ilie apparent difference between that vessel and the 
"Etraria" would be very mnch modified. He (Mr. Doxford) agreed 
with Mr. Boyd that this subject was of so much importance that they 
^onld if possible have a paper during the present session upon it, so that 
the matter might be thoroughly discussed. He had very great pleasare 
in supporting the motion. 

^r B, C. Brow^ne had very great pleasure in adding hie word, what- 
ever it was worth, of thanks for the satistactiou they bad had in listening 
to the President's paper. Of eourae it was one that opened out a field of 
discufisioD, and the only point on which he (Sir Benjamin) could speak 
with special interest was that which related to the {x>SBible institution of 
the Chair of Naval Architecture and Eugiueering at the College of 
Physical Science. There was no doubt that in this matter — call it what 
they liked, " techoical tr^ning " or anything else — they must always be 
working forward and further on and on. What was sufficient last year 
was not sufficient for the next year, and no doubt when tbey had a 
College like that it was most important that they should have a thorough 
grip on it, and to see that the most important industry in this district 
was represented. 01' course in doing so it was very important that tbey 
should bear in mind the necessities of the College. He hoped in these 
days the College was going to have less trouble, on financial grounds, than 
in times past ; but whether or not, in having a College they must have a 
well-deiiued scheme, and whatever was done they ought not to be a drag 
npon, but rather a help to the general work of the College. Tbey must 
not think that if they gave 16s. to the College they were to get £1 out 
of it What they were asked to do was not only for their special scientific 
requirements, but also to bear their part in doing the general work of the 
College itself. The College was open for the teaching of Naval Architec- 
ture and Engineering amongst other tbinp, and therefore those who 
were to get the benefit should bear a general part in the C06t of the 
fobric. He would like them to look at it in this light. He (Sir Ben- 
jamin) had been connected with the College for a considerable time, and 
was anre that by economy and by the attention of practical men a very 
great work might be done. 

Prof. Gabkett, being invited to address the meeting, said he supposed 
the honour had been given him of speaking in support of this resolution 
in order that he might say a word or two in connection with the work 
that had been done by their Committee towards the developing of the 
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engineering side in the College of Science. Firstly, he thought he should 
not be betraying any confidence if he said that he had reason to believe 
that in the new acheme to which the Pi-esideut had alluded, with reference 
to the entrance of engineers Into the Royal Na\-y, thei'e would be a 
certain number— a Bmall number — of colleges singled out at which 
attendance for a eertain period would be accepted as evidence of a suitable 
college training, so that the candidate for the examination having to 
show that he had gone through an apprenticeship for a certain number 
of years at the works, and also through a college course, the certificate of 
the profesaora would be accepted as proof of the latter, and if the pro- 
feaaorship waa founded he had reason to believe that the College in 
Newcastle would l>e one of those few institutions. Then with reference 
to what they would get out of the College, supposing that this Institu- 
tion were to undertake the whole of the responsibility of the engineering 
aide. If they paid their 20b. to the College be hoped they would get Sits. 
out of the College from the engineering department alone ; bnt there 
already existed departments of mathematics, chemistry, physics, geology, 
and other subjects, all of which wei^e of advantage to the engineer, and if 
an engineering college had to be Btart«<i lie m'vo in the town it would be 
necessary to incur an additional expense for the teaching of those various 
snbjects, and tor providing the teaching staft" with a laboratory and 
apparatua, all of which had been provided and were now in existence in 
the College of Science. It would be necessary, he was ftfraid, for the 
engineers to find, practically, the whole of the means required for the 
endowment of thia Chair. 

The President — How much ? 

I'rofeasor Cahkett — Of courae that depended upon what was decided 
as a suitable Used income for tlie professor. There woald Iw hia fees to 
supplement bis fixed income ; bnt he imagined to get a good man they 
ought possibly to provide a fixed income of sometlu'ng like £50i"i a year, 
and ibeu the fees would go partly towards the payment of the professor, 
and supplement that sum. He thought that waa about the position 
of affaire, for he might say that the present financial condition of 
the College was such that he had to go to one gentleman and tell 
him they wore so dreadfully abort of money that they would be obliged 
to him for the fire-bricks to build a boiler seat ; and baving got 3,000 
flre-bricks for the boiler, he went to another to get the bricks for the 
iiluift. and then begged a lightning conductor, or rather the copper wire 
and termiUBl to make one. Indeed he had to spend a great amount of 
hii lime in begging in that way, and scheming how to get :;«s. worth of 
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work done at the cost of 7b. 6d. He had great pleasure in supporting 
the resolntioD. 

Mr. BoTD — Unless any gentleman wished to make any further 
remarks he now took it upon himself to put this resolution to the 
meeting, and ask them to carry it with acclamation. 

The resolution was carried with acclamation. 

The President acknowledged the very cordial manner in which they 
had thanked him for the address which it had been his privilege, in a 
very imperfect way, to deliver to them that night. He believed 
Mr. Boyd said on one occasion he could heartily sympathise with Mr. 
Dozford in the preparation of his address. He (the President) would 
also claim his sympathy, and add even for a very imixjrfect address. Mr. 
Boyd in his kindly criticism mentioned one or two things in connection 
with the address which he would like to say a word al)out. Regarding 
the question of weight in relation to power developed in mercthant and 
other vessels, and taking it as recorded on page 22, they saw the difference 
was largely in favour of the " Etmria," which was a merchant vessel. He 
thought they might say that theie was not such another vessel afloat for 
doing work. Her machinery was doing the best and most severe work 
going ; and, therefore, taking it as a fair tyjxi of what could Ije done in 
the way indicated, the machinery of the " Etruria " was doing double 
the power on the ton of material of any ordinary merchant vessel, and 
this obtained simply by running her pistons faster — tliat was all ; and 
here they had one of the severest works on any machinery afloat being 
done regularly, six to seven days continuously, without interi'uption or 
slightest hitch or difficulty. They never heard of the ** Etruria" stoj)- 
ping until she got to port. He (the President) therefore thought it 
would be wrong of them stopping where they were, and Mr. Boyd w<)uld 
pardon him saying so. They were doing 4 horse-i)ower, and the 
"Etruria" 8 horse-power per ton of material. Of course slie was a 
larger vessel, and had a larger allowance for her machinery ; but there 
was a considerable margin where they could advance. He did not say 
they would jump up to the " p]lizal>eta'8" speed, it was quite ini])0ssible 
to maintain that for any length of time — 300 or -100 miles on an 
emergency. These were emergency trials, and not n\eant to l)e regular 
trials. He pointed them out here as the possible, and he thought they 
were not worthy of their profession if they did not aim at the }K>ssible, 
and'get the highest results they could. Pie was rather disappointed that 
none of the gentlemen who had six)ken on this vote had mentioned the 
sabject of the new project for the supply of engineers to the Royal Navy. 
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It seemed to him to be one of the most important steps taken by the 
Grovemment in connection with the service. It woald have the effect of 
removing what had always been a dificalty in the service, viz., the rank 
and status of engineers. By this scheme they would have elected from 
the colleges and workshops a large number of their best trained and 
educated pupils and apprentices who had equipped themselves for posi- 
tions ranking equal to any other in the service. Ten would be required 
every year under present conditions, and more as time went on. He 
looked upon it as one of the greatest steps ever made in connection with 
the engineer officers of the Boyal Navy, and he thought they ought to 
give it every encouragement possible. With reference to the colleges 
approved, he might say that Newcastle was one of the collies the 
diploma of which would be accepted by the examiners. He thanked 
them heartily for the patience with which they had listened to his address, 
and the cordial way in which they had received it. He had again to 
express the hope they would not leave him in the position that Mr. Dox- 
ford indicated, viz., to do the work himself. He would do the best he 
could^ but claimed and asked their hearty assistance to make the Institu- 
tion a success during the current session. 

After a reminder in r^ard to the arrangements for the forthcoming 
meeting at Hartlepool, and announcing that Mr. John Price, of Jarrow, 
would read a paper on *'The Use of Machinery in Construction," the 
meeting terminated. 
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NORTH-EAST COAST IXSTITUTION OF EXGIXEERS 

AND SHIPBUILDERS. 



Fifth Sessiok, 1888-89. 



PROCEEDINGS. 



SECOND GENERAL MEETING OF THE SESSION, HELD IN WEST 
HARTLEPOOL, ON SATURDAY, OCTOBER aOrn, 1888. 



VISIT TO THE HARTLEPOOLS. 



In response to the kind invitation given by the Members resdent in 
the Hartlepools, their Worships the Mayors of Hartlepool and West 
Hartlepool, and other influential gentlemen, the Institution visitod the 
Hartlepools on the afternoon of Saturday, October 20th, and inspected 
the various shipbuilding yards and engineering works in that neigh- 
bourhood. 

For the convenience of the Members, a special train from Newcastle 
and Sunderland was timed to arrive at Hartlepool at 2"40 p.m. On 
arrival, the President, Council, and Members were met at the Hartle- 
pool Railway Station by the following gentlemen, who formed the local 
Reception Committee: — 

Thb Mayob of Wbst Habtlbpool (W. Gbat, Esq.) 

The Mayob of Habtlbpool (T. Richabdson, Jan., Esq.) 

T. RiCHABDBON, Esq., M.P. 

G. H. Bainbs, Esq., Central Marine Engine Works. 

J. Bland, Esq., General Superintendent, N.E. Railway Co. 

A. Gladstokb, Esq., West Hartlepool Iron and Steel Works. 

M. Gbay, Esq., Messrs. W. Gray & Co., Shipbailders. 
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R. IBTIHB, Esq., McsBM. Irvine & Co., Shipbnilders. 
O. JoiTES, Esq., Mana|;or, M««rg. W. Rmj & Co. 

A. Lbckib, Esq., Surveyor, E.C. Insnranee Aasooiition. 
D, B. MoBiBOK, Esq., MftQuger, MeBwa. Ricliardaon & Soni. 
T. MccD, Esq., Munagor, Central Muriue Eiipne Worts. 

B. MUKHAT, Es(i., Engineer. K.E. Kulwny Co. 
J. L. Pbiehsbv, Eiii-, Marine Sorvejor. 
W, ItiCHABnaoN, Esq-, MesErB. RioLardeon & Song, 
Q. W. StVEWBionT, Eaq., Manager, Messrs. Witlij 4 Co. 
W. TitoMr.tKSOS, Esq., Seaton Carew Iron WorVa. 

H. Withy, Esq., Mosstb, Witliy & Co., ShipbnilderB. 

J. R. FoTHBBOiLL, Esq., Mambor of Council, ffoit, Loeat Ste. 

The afternoon waa spent in visiting tlie following works (for descrip- 
tion of which see pages 61-68): — 

Messrs. E. Withy & Co.'s Shipyard. 

Messrs. T. Richardson it Sons' Engine Works. 

The Central Marine Engine Works. 

North-Eastera Railway Co.'s New Graving Dock. 

Messra. W. Gray & Co.'s Shipyards. 

The West Hartlepool Iron and Steel Works. 

The Seaton Carew Iron Works. 

Other works were also thrown open for inspection. 

At 5"S0 p.m.. by the kind permission of Colonel Cameron, the n 
bera and visitors — 2S1 in number — were entertained to dinner by the 
local Reception Committee in the Ai'moury, West Hartlepool. William 
Gray, Esq., the Mayor of West Hartlepool, presided. 

At 7"S0 p.m. the second General Meeting of the session was held in 
the Central Hall. West Hartlepool. William Gray, Esq., Mayor of West 
Hartlepool, took the chair and welcomed the President, Council, and 
members of the Insbitntion in the following address : — 

W. Gbat, Esq., the Mayor of West Hartlepool, said that in hie 
official capacity as Mayor of that borough he had been asked w addreee 
B few words of welcome to the members of the North-East Coast Institn- 
tion of Engineers and Shipbuilders on the occasion of their first visit to 
the Hartlepools. He believed that deeds were more expressive than 
words, and he was glad to hear that they had afforded a hearty welcome 
to them that day. If any words of hia would add to that welcome, he 
would readily say them. They were pleased that the Institution had ex- 
pceseed satisfaction at what they had seen that duy. They had seen the 
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fipftta of some of the indoatriea in the Hartlepoola, Had time permitted, 
tbey could have ahown them saw milla that turned out cut wood of ftll 
descriptioDB, cement works and paper-palp works, which were abont to be 
iDcreased, and one of the j^reateet carioeitiea to be seen in any seaport in 
England, namely, a place for the reception and curing of egga. This 
might seem to be a small matter; but it was not so small when they 
tiought of the fact that withiu the laat twelve months the Hartlepoola 
bad imported nearly 12,0011 tons of eggs. A frieod had devoted time, 
and calculated the number for that weight; be assumed each egg to weigh 
2 ounces, being 8 eggs to the pottnd, which gave a total within the last 
twelve months of about 20-1,000,000 ttgj^. He merely mentioned that 
to show that they were not altogether confijied in tbeir industrieB to 
engineering and shipbuilding, but that they deecended to more minute 
articles thau ships and engines, and did not even despise eggs. It was 
nnnecessary to detain tbem to say anything abont the Hartlepools, as it 
had been dealt with at some length at the <]inner, Tlie speakers, how- 
ever, conld not go back beyond nineteen or twenty years, although Mr, 
Marahall spoke of what was thirty years ago. He oonld go back forty- 
four years; it was esactly forty-four years this month since he made his 
first appearance at old Hartlepool. It was just tiicn einerging Irom the 
position of a fishing village to a place for the shipment of coal. The 
population of Hartlepool at that time waa something like 6,000 
inhabitants. West Hartlepool did not then exist. He saw the first 
sod turned over in commencing the formation of tliosc magnificent 
docks they bad seen that day ; and during one man's lifetime he 
thought a very gi'eat deal had been done in that town. In the mother 
town of Hartlepool there were now some 17,000 inhabitants, whilst at 
West Hartlepool there were 38,000, In the various establishmenta 
that they bad visited that day wages were paid weekly to the extent 
of some £11.000 or £13.000. and from figures of such magnitude they 
would see what a very large number of families were dependent upon their 
industries. He did not desire to weary them with more statistics; he knew 
tbey were very anxious to proceed to the more immediate husiness of the 
meeting. His duty was therefore completed by giving them a very hearty 
welcome on this their first visit to Hartlepool. As that meeting had 
been so successful, be thought similar meetings should be held — say bi- 
annnally — on the Tyne, Sunderland, Hartlepools, and the Tees, If they 
came every year lo the Hartlepools, be could assure them of a heiirty 
welcome. As a new member of the Institution, be could not say much; 
but as a member of Lloyd's Committee he could siiy thwt institutes of 
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that kiuii were looked iipun vury favonrubly. They brought oat the 
talents nf young men, and improved the buiUJiug of ships and engines, 
a rebuilt which Lloyd's could not fail to take a deep interest in, and tliey 
rejoiced exceedingly at the establishment and success of a uch institution b. 
They must not forget either, that there are other [wrts in addition to the 
North-EiBt Coaat which they bad to compete with; and if they could 
strengthen their position by means of such institutes, it would enable 
them to hold their own against any part of the world. He would now 
give place to the President of the Institution, who would conduct the 
busineas for the remainder of the evening. 






The President, P. 0. Marshall, E&ii, theu took the chair. 

The pKESiDENT said he was aure he expressed the sentiment of every 
member of their Institution when he said they sincerely thanked the 
Mayor of West Ilin'tlepool, the Mayor of Hartlepool, and tlie Reception 
Committee for the very cordial and most hospitable manner in which 
they had invited them, and the handsome way in which they had been 
treated since they arrived in Uartlepool. They had in every way enjoyed 
their hospitality to the full, and it bad been no scant hospitality. He 
believed they had all enjoyed an extremely good dinner, and so far as the 
reception of the Institution as such was concerned, they were all extremely 
gratified by the kind remarks which the Mayor of West Hartlepool had 
been good enough to express. The enthusiasm and genuine kindness 
and consideration with which the Institution bad been received waa most 
gratiiying. They had had not only the hospitality of their good friends, 
but they bud had that intellectual and professional feast which was 
afforded them during the course of the afternoon by the inspection of the 
several works which had been thrown open to them in no stinted measure- 
He spoke as President of the Institution. He was sure that they wonld 
pardon bim, being the medium of the sentiments of those members from 
the more northern part of the Institution's operations, when he said it 
bad been to everyone of them an occasion of the very greatest interest 
and of pleasant stimulus. Some of them in the north had thought that, 
seeing theTyne was the Ijirthplace of engineering almost, of locomotive 
engineering especially, and to a large cxteut of the development of the 
more recent phases of marine engineering, they bad a feehng that they 
were fkir o.rrcl/eiice in the front rank of marine engineering. He was not 
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quite sare that everyone of them liad that proud feeling that night, 
personally, he must say the sense of satisfaction with which lie liad 
hitherto regarded his professional association \\ith Tyncsidc was to-night 
mnch qualified and tempered; and he certainly felt prond that the Insti- 
tution, over which he had tlie honour to preside, had a more extended 
range of influence, and embraced within its title of North-East Coast 
Institution of Engineers and Shipbuilders the districts of the Hartlc- 
pools and Tees, possessing works of the magnificent character to-day 
witnessed, for they had no establishments on the North-East Coast more 
complete or more admirably fitted for the efficient production of marine 
endues and ships than the two establishments they had had the honour 
of visiting that afternoon. They would presently have an opportunity of 
hearing from Mr. Price, a member of their Council, some of the 
advantages of machinery against hand labour. They had had the 
principle most marvellously exemplified before their eyes that day, the 
class of machinery witnessed, the work being done, the quantity as well 
as the quality of the work being all that possibly could be desired in 
marine engineering works. They had not seen the same amount of 
labour-saving appliances in the building of vessels at the yards they had 
been privileged to visit that afkernoon, but he was sure they would all go 
home, as their Past-President had said, it might l)e sadder — well, perhaps 
not sadder, but certainly they would go home more th(jughtful and wiser 
men, and he did not know but what the tool makers of England would 
soon receive very large orders. The meml)ers of the Institution had 
largely availed themselves of the invitation, and had enjoyed themselves 
immensely, both intellectually and physically, and he would again thank 
the local Committee most sincerely for their great kindness and hospitality. 
The suggestion of the Mayor of West Hartlepool regarding a bi-annual 
visit of this nature to the various towns he had indicated would receive 
the most cordial consideration of the Council of the Institutitjn, and 
probably they would again, in a short period, avail themselves of the 
invitation the Mayor of this borough had been good enough to offer 
them. Again thanking the Committee for their reception, they would 
now proceed to business. He would therefore call upon the Secretary to 
read the minutes of their last meeting. 



The Secretary read the minutes of the Annual Meeting, held in 
Newcastle-upon-Tyne, on October 3rd, which were approved by the 
members present, and signed by the President. 
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The ballot for new members having been taken, the President 
appointed Sir B. C. Browne and Mr. H. F. Swan to examine the voting 
papers, and the following gentlemen were declared elected : — 

MEMBERS. 

Bachanan, John H., Lloyd's Register of Shipping. West Hartlepool. 

Cornish, H. P., c/o Messrs. Wigham Richardson k Co., Low Walker. 

Davison, A. J., Rosedale, Wallwood Road, Lejtonstone, Essex. 

Hake, G. A., 129, Park Road, Newcastle^n-Tyne. 

Mather, Charles, 3, Choppington Street, Newcastle-on-Tyne. 

Potts, Rohert, 11, Moant Pleasant, Deptford, Sunderland. 

Price, F. D., 6, Osborne Villas, Jesmond, Newcastle-on-Tyne. 

Smith, Thomas, Steam Crane Works, Old Foundry, Rodley, near Leeds. 

Towers, Edward, Jan., 4, Latimer Street, Tynemoath. (Late Chradoate.) 

Tonng, J. D., 3, Broaghton Street, Tynemoath. 

ASSOCIATE. 
Towers, Edward, 4, Latimer Street, Tynemoath. 



Mr. John Price then read the following paper "On the Use of 
Machinery in Construction" : — 



Mr. Price prefaced his paper by observing that the object of the 
paper was not to show np machinery as against hand labour, but the 
advantages of machinery in conjunction with hand labour. He thought 
it was wise to make that preliminary observation. 
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ON THE USE OP MACHINERY IN CONSTRUCTION. 



Bt JOHN PRICE, Esq., M.I.C.E., M.I.N.A., Mbmbkb of Council. 



[Rbad bbvobb thb Inbtitutiok, Octobbb 20th, 1888.] 



The use of Machinery in Constraction has three main objects in view — 
accoracy in execution, facility in production or repetition, and cheapening 
of cost. 

The demand for machinery in construction arises generally from these 
considerations, and it is in relation to the last of these that I purpose 
treating the subject, and without further reference to other causes for the 
employment of machinery than admitting that they exist. 

Exactness and exhaustless energy in machine tools are too largely used 
to need any advocacy from me, and the importance of cheapened produc- 
tion needs hardly more, and it is less as a general principle that I call 
attention to it now, than as a resource available to the engineer and 
shipbuilder in the competition he has to meet from one or two directions. 

In competing with foreign countries in constructive works, the 
machine tool is the English manufacturers' main resource, and may be 
taken as embodying his experience and as marking his progress. So 
soon as the English machine tool maker ceases to be fully employed on 
new tools for home use, so soon may the English manufacturer retire from 
the front rank in constructive skill, as to the three essentials which he 
at the foundation of his business ; and which in turn are the foundations 
of scientific progress. 

There are other directions in which competition is to be met by the 
employment of the machine tool, but it is more directly interesting to us 
now to look at a result of machine labour in the effect it has had upon 
hand labour, and the effect it may yet have. 

Skilled and unskilled labour constitute undoubted bases of national 
wealthy hence it is desirable to make the purchasing power of so much of 
this wealth as may be used, as great as possible. 
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The higher skilled labour becomes, the finer the quality of the wealth 
it repreaciitB, and the greater the useful area it may be made to cover, 
and it is equally trae that machinery in unskilled hands is an efficient 
means of producing skill. Hand labour and machine labour are growing 
more inter-dependent day by day, and cannot be entirely divorced, though 
occasionally serious differences arise lietween them. Capitol, which weda 
them, is interested in preserving their relationship, and settling ita 
conditions. Had capital been indifferent to these relations during the 
past fifteen years, Englisb manufacturers and English workmen would 
ere this have exclaimed " Ichabod " over many a factory, and many a 
home. 

It is impossible in the brief survey of a short paper to deal fully with 
the question of the relative position of capital and labour (i.e., maehine 
labour and hand labour) to the nation's present position in skilled 
construction, I can, however, offer some evidence as to the steady and 
silent evolution of tlie above propositioDS over the past fifteen to 
seventeen years. 

Taking 1871-3 as a starting period, there has been a steady rise over 
the period from that date to the present mouth in the cost of hand labour 
of almost all kinds. 

In the various branches employed in marine engineering, I find this 
to he equal to a permanent average increase, including day labourers, of 
over iil per cent., ranging over the more highly skilled branches from 38 
per cent, paid to pattern makers ; to over 29 per cent, to fitters ; and 27 
per cent, paid to smiths. 

Within the same period there have been two large enliancements of the 
co»t of the murine engine and its boilers, the first in passing from the 
injection condenser types to the surface condenser type, and amounting 
to probably an increased cost of20 per cent., the second in passing from the 
latter type to the triple expansion type, amounting to a probable total 
increased cost of 35 per cent,, including the first enhancement ; and yet, 
notwithstanding the increased cost of labour and the enhanced cost of 
the engiucB and boilei-s in passing from lower to higher and more costly 
types, the use of machine tools in our and kindred trades has brought 
down the total cost to-day to less than the total cost in 18C5 or 1871, 
notwithstanding that labour has inci-eased 21 per cent. 

Indeed, taking two equally busy periods, namely, 1H73 and 1882, I 
find the total coat of the compound engine per N.H.P. over 24 per cent. 
less in the latter period than in the former; the cost per N.H.P. for 
hand labour being reduced — princii)ally by employing machine tools — 
by as much as SO per cent. 
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The effect of the permanent increased cost of hand labour and its 
constant increase is shown in the increased percentage which it beirs to 
the total cost of every engine, whether of the compound or triple ex|)ansion 
tjpesy notwithstanding the larger nse in the higher types of more costly 
material. 

Taking the following years as representing periods in which the 
different types of engines were made, I find the |)erccntage cost of hand 
labour in the total cost of the engines and l)oilers was in — 

1871 from 25 to 27 per dent. 

1882 28 to 29 ,. 

1885 „ 30 to 31 ,, 

The variations between the percentages given for each period arises from 
differences in size of engines^ or in specific^iitions. 

There is thns a steady and constant increase in the cost of hand lal)Our. 
The rises and falls to which it is liable are not equal, the fall never 
reaches the average lowness that prevailed before the rise. The cost of 
materials on the contrary tends downwards through the agency of cheaper 
processes and machine labour, and it is only manual labour that does not 
accommodate itself entirely to the ix^riodical demand for cheapness, but 
hedges itself in with its skill imd with its combinations, and provcMS nt 
times inaccessible to reasonable approaches. 

So long, however, as skilled labour is ecjual to the demands made upon 
it, it remains to the manufacturer to make it go as far as possible in 
alliance with the machine tool. 

I will show how this has been effected already in the following manner. 
The average artizan in the whole of the classes in an engine works as 
a prodncer of horse-power was equivalent in 187Ji to 2*0, but by the 
extended use of machinery his equivalent was reduced in 1S82 to loss 
than ro ; he thus was made only half as important as l^efore. 

Carrying this inquiry into the principal classes of skilled men, I find 
in the following periods the fall in importance of hand labour to Ihj as 
indicated by the figures placed against them, namely ; — 

A Fitter ill 1873 stood in relation to machine labonr a^ 1 : 1 on common engines 

„ 1882 du. do. 1:2*31 on com ix)nnd engines 

A Boilermaker in 1873 do. do. 1: 1'O on low pressnre boilers 

„ 1882 do. do. 1:2*19 on 80 lbs. to. 00 lbs. 

bigli j)ressnrc boilers. 

The true reading of these figures is, of course, that the sphere of the 
machine tool is becoming wider and wider. This will be enforced if I 
quote some figures which I gave in evidence l)erore the Depression of 

vol.. V.-1«WH. ^^ 
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TradeB Royal Oommiasbn in I88ti. namely, thitt in 1873 tupiodnce2,2G0 
N.H.P., my Compativ employed un nrerage uf 1,1)22 men, nnd that in 
1882 to prodnoe S.StW N.H.P, tliev employed only l.Mftl men. In the two 
periods the N.H.P. varied hs l-ri -. S-", while tlic hand? varied only as 
2-0 T 2'6. 

These relations will extend the more the machine tool and the details 
of- the work iire brought into auitaUe I'elatious to each other. The gist 
of the whole matter lies in thut truth. The tool must always follow tht 
work, bnt in an important sense it must be eqnally held, that, to secure 
ecouomic workinj;:, the design must be made in view of Ihe machine tool 
which is to operate upon it. 

In iron shipbuilding, the adaptation ol the struuture to the machiue 
tool is an eseentiul step to the extended application of macliinery to 
construe tioii. 

Iron and steel ships illustrate very well the conservatism that per- 
vades English life. In strueturo. the iron vessel followed as far ae could 
be the wooden vessel it re!>iaced, being formed of vertical trangverae 
frames and longitudinal strakes. Tlie steel ship continues this system, 
only lengthening the individual jilates. Itegnrdfor eronomic eonatruction 
was overlooked at the ontsct, and was finally shut out, and now it will 
require no mean effort to obtain wide acceptance of u system professinf; 
to combine needful strength with a rensonable distribution of the material, 
and an effective commnnd over the cost of production by a larger use of 
the machine tool. 

There is a wide field in this department for the revision of the details 
of the structure, and tbc ailHptation of the machine tool. 

The relative growth of machine labour in this depaitment is not so 
easy to indicate as in ent^neering construction, bnt it is ni>t difficult to 
show the coat that hund labour has put on over the last seventeen years. 

The time wages for all the classes of men employed in the shipyard 
have acquired a permanent average increase of 25 per cent., nscendlng 
from 11 per cent, to drillers, to 32 per cent, to smiths and cur|)entci'8, 
and to 38 per cent, to platers. 

The piece-work earnings of the members of the Boilermakers' Stjcicly 
have put on a ])ermauent average increase of 22 per cent, over the same 
period. 

There are some onHona ilhistratiouB amongst the individual piece- 
work averages ; the Grst is in that of the drillers' average, wliich bus 
actually fallen over tlic last seven teen years, and if it were removed from the 
general average, the latter, instead of a permanent average of 25 (;er cent., 
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would become an avera^ of 32 per eeut. It is niriKii? t-i ultstrvr hnw 
the drillers' skill — the lowest employed in shiplmildinir — has tr^iK- hack 
in valne as machinery has extended and pnxluce<l ninro arcnnue wurk. 
On the other hand the riveters' avt-rape lias iiicn'^st*'! by 4«*i j.»«'r i-ont.. 
a^ain illustrating the effect of impn»veil machinery and eonse«^|nently 
more accurate work upon the riveters' list of rates. The canlkers avvrajre 
has risen 22 per cent, from the same canse. 

In all the progress made by the manufacturer in sup])Iyinu^ the 
market with a better and chejiper article— better and cheaper in spite of 
manv of the conditions under whiirh he has had to fulfil his customers' 
wishes— hand labour has run him a close race. 

I have before me the cost jK-r ton of deadweight of a vessel built in 
I860, and carrying l,7no tons — a large ship in those days. It is 
JtlO I8s. lid. per ton, of which :»o*<;4 ])er cent, was for hand lal»our. 
I have another built in 1878, and airrying 2,477 tons deadweight, the 
total cost per ton of which was £10 28. od., of which 2 4 ]K'r c<*nt. wjis 
for hand labour. Hince the last date the jiercentiige of lalxmr in the 
total cost per ton of deadweight for the hull has l)ecn ff»r the following 
years as follows : — 

1K82 ... ... ... 31 ]H;r cent. 

JL^^v^ V ••* ■■• •■• ■■• ••■ c^'i' %f 
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These averages are mostly taken U]Kjn large vessels ; in smaller vessels 
they rise to 86 and 88 per cent. You therefore find that tlic cost 
of hand labour u^wn the hulls of vessels, has reached the proj.>ortions of 
its cost upon engines, and indeed has exceeded it ! 

There is no fundamental reason foi* objecting to the enhancxid cost 
of skilled, or any kind of lalxiur, in itself. It has a perfect right to 
fetch its own price in its own market, and if in doing so no social or 
economic law is transgressed, and the community is bettered by it, we 
have reason to encourage rather than to discourage it. And it must 
not for a moment l)e assumed that 1 am discussing this except as an 
economic question affecting constructive work, and thnjugh that our 
respective industries, just as we may discuss the use of coal — itself a 
])erfectly harmless and useful article. 

Hitherto much of the a])|)licatio!i of machine t(K»ls has l»een involun- 
taiy V)y the manufacturer. He has be(.*n driven to adopt it further and 
further by inflexible circumstances, wh'wh gave him only the unlrending 
alternative of doing it, or of, bit by hit. wjeing his capital slip out of 
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liis hamlR ; and while this protwsB liafi been goins on— aloug with » partial 
voliiiitary adoption iil' the machine tool where it could Ije dune cheaply 
and easily — there has been a cuimteractin^ foiei- at work in the npward 
prdgreBS of hand labour coat. 

Lo<iking thVQiigh the l)<riireN given hUivc, n tlinu(i;htful stiideot ivoiiitl 
conclude thiit the two fortes of iniicliinc lalxiiir and hand lalMinv had been 
workinfT over the past ten or twelve years with a km'wledge of each 
other's purpose — the one to raise the cost of production, and the other to 
redDcc it. No snch intelligent action has, I am afraid, nccarred. 
Capital has only spasmoiEcally rushed in to rescue the trade that was 
Iteing driven from its home, or was being rednced to slender proportions 
by a pursuit of the maximum wage. 

Two cons iderat LOUR now demand that for the future the systematic 
applicJition of the macliine tool be made a cardinal principle of con- 
Btmctive work. Tliesc considerations are : — 

FtTstly. — The necessity of controlling the cost of production and of 
cheapening it constantly. Competition with foreigu manufacturers 
is Cast leaving to the British manntkcturer only his always advanced 
experience, which, up to the present in constrnutive work, remains 
supreme all round. This, as I have already said, must be embodied in 
the macliine tool. The foi^eign workman is e<iuai to our own so far as 
mere manipulative skill goes, and although the physical and racial differ- 
ences give our workmcu an immense advantage, this is, as a matter of 
fact, already almost counterhaianced by the help of the machine tool alone, 
as it exifils in the foreigner's hauds, and it is actually tiiund to-day to be 
mlirrlij Gouuterbalanced by the machine tool und cheaper living, and 
lower wi^^, abroad. 

Apart from foreign competition, however, it is essential to be able to 
control the cost and lesseu it when needful to meet the regularly recurring 
^leriods of depression in trade, when he who can sell cheapest not only 
sells what he produces, but he also keeps the little trade, tliei-e may be 
then, at home. 

iSeeondly. — The necessity there i>i now of working tlie hugest con- 
structive work, as well as the smalleal, strictly on the lu-ithraetic of 
eommerce. We sell the lai^st oargo vessels with their machinery 
as well as the smallest on a price per ton of deadweight. This single 
ton is 90 sroall u unit, any error regarding it. being multiplied 
hundreds, or thousands of times, becomes a fonnidablc matter. 
This applies both to estimating and carrying on the work, But 
this method of basing a price ou a unit of the whole thing to be sold. 
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18 common to all oonstrnctive work, and U ossontial to c^mnu'rci.*. Wv 
are, however, only uuw realising what this means in shi|)l)uil(lin<; and 
en^neering — ^how the disiurbances and dispntes in the iabnur market, 
and with labour fritter away the small m(Kl*^rn mai^rins of iirofit. A 
ccmdition of things which only tlie mctsc ]K*rrLi't sykumu of costin<r, and 
an extended application of the docile, untirintr. and ]HTfe<*tly nliaitN* 
machine tool can avert from liecoming disastronn. It lias iii*<*onK* niMvs- 
sary, therefore, to mechanically control as much of the cost of our 
structures as it is possible to do, and the ^reat a<:ent in aidin^^ us is the 
machine tool. 



DISCUSSION. 

The Pkehident. in inviting discussion, said he only lio|K'd a larfre 
numljer of gentlemen would express their sentiments on this valuahle 
and important pafier. They would pardon him if he laid down the role, 
as their time was necessarily very short, that no niemlier should sjieak 
longer than ten minutes on the suhjeirt. 

Mr. T. BlCUARDHON, Jun., Mayor of lIartle]N)ol, siiid he had i)een 
asked to open the discussion, which was a somewhat ditHcult task con- 
sidering his own exi)erience continued genenilly all that Mr. Price iiad 
said, especially with regard to the lalxmr n'quired now to jinnluoe a cer- 
tain amount of work with what was retpiireil ei^ht or nine yeai-s aL'o. as 
at the Hartlepool Engine Works their output had dt»uhlc(l durintr thut 
period, yet the number of men employed remained alNnit the same 
although the individual wage was higher. They had long taken an 
interest in the question of cheap pnKluction. and had found it to result 
irom a judicious application of machine tools, as well as systematic 
methods of arranging the work to be done, so as to reduce* to a niinimuin 
the unskilled lalxiur, as well as the heavier class of skilled lalniur, ^\irh as 
chipping and filing, which was fast disappearing from a inoilern \Nork- 
shop. This was due, to a considemble extent, to the R's^iuices of 
machine tool makers, who appeaiX'd to Ik; able to satisfy every reijiiire- 
nient. He could not say that at Hartlei)ool they had ever suffered than 
foreign comijetition, as the com {petition they looked for was fiviin the 
Tyne and Wear. He quite agreed with Mr. Price that it was mi»st dilK- 
cult Ut reduce the Cfist of production, as they knew from ex]»erieiice the 
labour part of it was always very imimtieiit to {uir.icipate in advanee 
in the good times, which he ho|x;d were now upon them. 
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Mr. A, CooTK Wild he would like to say a few words, as lie thought 
it wonltl he nnsatisractory if some nf tlie Tyne Fcntlemen did not Bpetik 
on this octaaion, as they oug'ht to put forward their best efforts if only 
to show their appreciation of the kindneas with which they had been 
received by their Hartlepool friends. He had not very much to say him- 
self rrgarding this paper, hnt thought it brought out most forcibly the 
versatility of the talents nf their friend Mr. Price, who had on previooB 
occasions enlightened them on various subjects bearing more directly on 
both shiphiiilding and engineering subjects, and who, in the present 
paper, bad treated them to what he thonght might be termed an essay on 
political economy. Without much more stndy than he ha<I been able to 
give to this paper he was hardly able to go fully into the subject; hut 
looking at the statement made regarding the wages paid now with what 
they were some seventeen yeai-s ago, he did not think that it was a matter 
of much surprise to note the rise in their particular indnstry, as he 
thought it was a fact that throughout all industries in most parts of the 
world increase of wages had taken place. What was a matter of greater 
surprise was that this increase should take place during a period when 
they were increasing their machine tools' ixiwer to an enormous extent. 
Undoubtedly, this increase of machine tools' power tended to the pro- 
duction of a greater f4nant!ty of work; and had the pajier been read a 
year or less ago they would liaVe judged it from an entirely diKerent 
point of view thiin they did that evening. A year ago tbey would have 
been inclined to say that the production of these tools was bringing their 
industry to almost a standstill, and that by over-production a serious 
depression had been brought about. Fortunately, to-night, mattcre were 
diflerent, and they could congratulate themselves on a distinct improve- 
ment which somewhat upset any previous views that might have been 
formed. Now ic seemed as if they might multiply these machine tools 
and increase ui almost any extent the output, and the world still appeared 
lai^ enongh for all. This paper then was one tor enouuragemeut to the 
extent that if they elected to go on multiplying their appliances for 
turning out both ships and engines, even to the extent of the large 
figures mentioned by Mr. Parker, the world seemed at present ^ need 
them all; and be trusted the young men that had joined this Institution, 
and were there in such large numbers that night, would all feel that 
they had a hopeful future before thcin, and that there wns room for all. 

Mr. 0. W. Hdtcuinrok said, that the study of machine tools had 
been almost a constant one with him in common with other engineers 
for many years past ; and he thought that on the question they had 
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before them that night it might strike them, as they reflected upon the 
points alluded to, that there was far more improvement in tlie machinery 
operations connected with the engines and tlie machine part of marine 
engineering than there was in the hull part. There was a very great 
deal of labour — unskilled labour — carried on for which there was really 
no reason, and as the advancement of education was leading jxiople to 
look to something higher than mere "fisty-cuffing" work for a living, he 
thought it was time there was a lictle sharper looking round in shipbuild- 
ing works for a revision of their hand labour. Time after time they 
would see two or three men carrying a plaie or some other thing up the 
slip gangways with danger to themselves and fathers while there seemed 
no good reason why it should not Ikj done by mechanical aid. While he 
was saying that, most of them would say, ** We do not do that in our 
yard;*' and yet in every shipyard it was d^me. When they ciiUipared 
the hull with the shop work tliey would see there was a very great lack 
of mechanical arrangement. The shop work he had ])een accustomed to 
had not that immediate reference to ship engineering that the shop work 
of many of them had ; but he had been surprised at the extent to which 
machine development had been carried out in 8hoj)8 well arranged and 
perfected, so much so that hand lal)our was reduced to the very minimum. 
When a man came to them tor employment they said, '• What is your 
trade ?" "Oh, well, I don't know ; I will do anything." And the man 
who would do anything was the very man who could get nothing to do ; 
and if they had no regular trade they generally wanted employment as 
gatekeeper or storekeeper. And the man who could do nothing technical 
tiu-ned up in shipyards where there Wiis employment in the roughest 
forms of manual la]x)ur. He thought he had perhaps touched i\\)on a 
point which needed some development. 

Mr. B. G. NicuoL thought the most striking part of the paper was 
that wherein it was shown that the value of hand labour had very 
materially increased along with the development and extension in tlie 
application of machine tools in shipbuilding and engineering operations. 
In his prefatory remarks, Mr. Price appeared to think that the extended 
application of machinery was not antagonistic to hand labour ; but he 
(Mr. Nichol) feared when they examined the matter more closely they 
could not fail to see that the development of machinery was antagonistic 
at least to some classes of hand labour. It was doubtless within the 
knowledge of the audience that if the whole population of the globe were 
hand-loom weavera they could not produce in one year the cotton and 
woollen fabrics turned out by the Laucashire mills in one week. Again, 
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after having seen the magnificcnL plauing machiiieti in the facturieB 
visited to-day, and the worit done by them, it appeared to he quite clear 
tliat macli less liaiid labour nmst l)e required than ivheti, ns was Che case 
from tweuty-flvG to thirty years ago, these imnieiiae Burfacis were all 
le\'eUed and fitted by hand worli, and therefore a considerable proportion 
of the liand labour reciuired, in proportion to the work done, miiat have 
been di4'erted into otbov channeU. The meaning of all this, us lar as he 
could judge, waa that the developnieut and extended uBe of machinery 
was Bleadily diminishing the demand for unskilled and semi-skilled 
labour, leaving only the higher and more intelligent clasBts of workmen, 
who uertainlj deserved a liigh rate of wage ; and tlie logital issue of this 
appeared to lie the entire abolition of itiinkilied and semi-skilled labour, 
or rather the Helling of it free to Ik.- absorbed iu other than mechanical 
pursuits, and that those remaining in their yards aiid shops would l>e 
called on to exercise adminiBtrativ-e and directive functions, requiring 
culti\'ated intelligence, thus like Nature in its operations, demanding no 
more physical energy than necessary to accomplish the operations in view. 
Mr. J. R. FoTUSRUiLL said, au important feature uf this paper 
appeared to him to l»t not so much a question of capital and labour as 
mi^ht be infeired from some of the remarks, as a question of tiie skill of 
the labourer and the application of special machinery to the ixiwer of 
producing. If they could produce cheap they created a market by the 
demand for the articles so produced. If the ])ower of production be 
limited, the cost of the article must naturally I>g dearer, and the demand 
less. The magnificent engines and the steamers they had that day seen 
would certainly never have been required but for the fact that the power 
of prodnciug enabled them to be built at i-eniunerative prices in com- 
petition with the sailing ship, otherwise the sailing ship would have 
taken their place, the steamer being too costly. By applying special 
machinery to special purposes they produced cheap, and created » demand; 
and in that way they brought more labour into the market, and found 
occupation for that labour. He remembered at one of the meetings of 
the Institute of Mechanical Engineers it was very forcibly pointed out in 
i-efcrence to some Australian contracts for bridges of sjiecial design, that 
it wa« very largely due to the application of Sjiecial machinery to the pur- 
pose that America had secured tliose contracts. Thei-e was oue j>art of Mr, 
Price's paper which appeared to him to require some explanation. He (Mr. 
PriceJ stated "That in 1^7:1 to produce S,260 nominal horse-power my 
Conqjany employed au average of 1.022 men, and that in 1882 to produce 
ii.HliS nominal horse-power they employed only l,8il men." Nothing 
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was said as to the time. He (Mr. Fothergill) thought it was very 
important to know the time these men were occupioil. and whether they 
worked ordinary day's work or piece work. 

Mr. Prick — These were two exceptionally busy periods, and the con- 
ditions nnder which the men worked was as he declared. 

Mr. F0THERGILI4, continuing, said, large tfMtls n-ert^ a i^^reat s^iurce of 
economy, and materially increased the producing ]x>wer. No doubt they 
had particularly noted several very large to<»ls in the shops they had 
that day visited. Large overhead travelling craues for liftiug machinery 
and heavy weights from one part of the shop to another were, in the 
erection of large engines^ a ver}' great saving both in time and labour; 
but what he more particularly wishe^l to emphasise was the application 
of special tools to special puqK>ses, which undoubtedly constituted the 
most economical feature in the power of production. In the early days of 
railways it was with all seriousness pointed out before the Parliamentary 
Committee that if railways were made no horses would be required in the 
country. They had all lived to see the absurdity of that statement, and 
yet the same argnment in some f(»rm or other was always Ijeiiig brought 
forward. It was a great mistake to argue that they should limit their 
power of production. It was impossible to do so ; they must of necessity 
improve and develop their producing pr)wer, which cheapened the cost of 
manufacture, thereby creating a demand and making a market. 

Sir B. C. Bruwne said that the first ]x>int that struck him in Mr. 
Price's paper as interesting and instructive was where he 8ix)ke of " the 
iron and steel ship as illustrating very broadly the slow conservatism that 
pervades Enghsh life." He (Sir Benjamin) l<K)ked uiwii this, as they did 
upon everything, in the way it affected them jiei'sonaliy. If it illustrated 
the "conservatism of English life'* it showed that English conservatism 
was about the strongest force in the world, for he did not see any other 
enlightened nation strike out a ship which much differed from those they 
built in this country. Another point he wished to touch upon was, 
perhaps not quite so encouraging to them, and ])erhap3 differed from the 
spirit and tone taken up that evening. Of course he would ask them all 
to remember this, though he did claim to be an engineer, for many years 
he had had to give attention to a great many things l>esides, he did not 
devote his whole time to engineering. Well, Mr. Price said that "the 
tool must always follow the work," and also to "secure economic 
working the design must be made in view of the tool which is to operate 
upon it," but by adapting the design to the machinery for producing it 
too persistently they would get into a groove which would lead to 
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stf^ation of ideas and tend to atop improvemeut. Jtiat look at the 

great strideB of nmrine engineering in tlie course of the last eighteen 
yenrB. They had had the componnd engine introduced and HUperseded 
by the triple expansion engine, but if they looked at the locomoLivo 
engines they had hardly gone on at all in that line. The locomotive 
engine of thirty yearn ago was in design pretty nearly as good as the 
locomotive now, n certain amount of at«el had been introduced and n 
better claea of material, bnt little if any difference in design, lie 
attributed that to this fuct — of railway companies making their own 
engines. The locomotive superintendent laid out hiw wirks entirely 
with a view to bnilding engines of his own design, and his own 
inspectors reported on the work. He dared say they would all find 
great satisfaction if they were the inspectors of their own work, hut that 
was not the way to improve. Of conrse he quite admitted there was the 
compound locomotive, but then he did not think any of them could 
mention twenty componnd locomotives being pnt in hand except by the 
man who was tlic original inventor of that particnlar compound engine, 
and who had to work it all himself When ouce a railway laid down 
plant and works it went on specific lines, adding to its stock, and working 
only for itself, but ho asked them how many shipbuilders could afford to own 
all the ships they built ? He would admit it was very gratifying to go 
into these works they had visited that day and see how they could turn 
out doable the work and only employ one-third more workmen, but 
where was this to end ? Wonld it not be better to turn out nine shipB 
with a good profit rather than turn out eighteen ships with little or no 
profit ? Mr. Price had not carrietl his paper far enough. Ships might 
be a great deal cheaper, but how about the builders' profits ? Workmen 
had more wages than they used to have, and he congratulated them 
heartily on their employers giving more than they used to do twenty 
years ago. He had been talking to a trades unionist, and rather pleading 
to him that he really thought employers and their capiUil should be 
considered in some degree. He asked him if he had the Diiily ilironiele 
to look at the local share list. Ho pointed to a number of northern 
industries put in a row, and what they paid as percentage on the capital. 
He (Sir Benjamin) said " please to strike out the Cmme/f S/miiisli Or* 
Comjmnij, calculate the averse diridend of the jwhole number, and 
including Ehwick they did not, np to the end of June, iiay -t per cent, 
on tiie averse." These concerns were not paying as well as an ordinary 
railway, and if they took a number of works that existed in any given 
district 80 many years ago, they would see what a great deal more 
mortality there was in such works. They talked a deal about Mr. Gray's 
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works and Mr, Richardson's works, but the first things when be came 
into Hartlepool he had pointed out to him were two or thrue closed works, 
close to the railway station, ruinfi practically speaking. If people would 
go on cutting down prices and increasing their ontpnt some one must 
incur the risk of going down. The smallest mcu went first, and no one 
else was belped npwurds or improved. At the present moment there wae 
a better demund, but they knew that as night followed day so bad times 
followed good times, and if they spent all their profits in iucreiising their 
works, what advantage would tUey have when the good times were over ? 
Mr. B. Martell (by invitation) said he bad not intended saying 
anything on this paper, had it not been for a reference by Mr. Price with 
regard to the construction of ships. As to the engines, he would leave 
that to the engineers. Sir Benjamin Browne had said there were & few 
very heantiful jaragraphs and Bcntcnces, and such like, in this paper, and 
he must say he endorsed that. There was nothing so easy as to criticise 
and condemn. He would like to read this remark, and to hear Mr. 
Price's e^lanation In regard to it. As he (Mr. Martell) understuod him. 
they should endeavour, if they poeaibly could, to utilise machinery to a 
much greater extent than they did at the present time, and that ship- 
builders, to begin with, were so stupid they had constructed a ship in 
such a ridiculous manner that it was impossible to utilise machinery as it 
ought to be used: — " Iron and steel ships illustrato very well the conser- 
vatism that pervades English life. In structure the iron vessel followed 
as Ikr as could be the wooden vessel it replaced, l>eing formed of vertical 
transverse Irames and longitudinal stmkes. The steel ship continues the 
system, only lengthening the individual plates. Regard for eoonomio 
construction was overlooked at the outset, and was finally shut out, and 
now it will require no mean effort to obtain wide acceptance of a system 
proJessing to combine all needful strength with a reasonable distribution 
of the material, and an effective command over the cost of production by 
a larger use of the machine tool."* He (Mr. Mart«ll) wanted to know 
what that meant ? The old builders of wooden vessels conBtmcted them 
with vertical frames and longitudinal planking, and when iron shipbuild- 
ing came in, before Ixiilermakera lookup the trade, the wooden ship- 
builders naturally began to build iron vessels in the way they understood, 
and applying their material in the way they considered most conducive 
to meet the various strains, as proved by experience to l>e necessary, iu 
the millions of tons built and number of years over which this system of 
construction had extended. The [irinciple had, he thought, been a very 
satisfactory one, and nc)t so very stupid after all. It had In'en a very 
• Page m. 
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rcaaonublc systeiu, and the uiilj deviation lie hnd knowa since Mr. Hoott 
RiiFBcll's system forty years ago was by a ahipbuilder in the North of 
Ennlaiid, who produced to them tlie model of h ship by which outaidc 
plates were to be dispeuaed with altogether, and the vessel formed with 
vertical troughs Imviug the flanges riveted together, bo that the vessel 
would have vertical seams extending fVom the keel to the gunwale — per- 
haps one hundred iu number, according to her length. It ivas the only 
system lie had known proposed against the sliijnd system that had pre- 
\-ailed for so many yi'ara ; except the longitudinal system of oonstniction, 
which was udopted by the Ooverunieiit it might almoat be said regardless 
of ex[)enac. But no one hud brought this system into practical shape for 
mercautilc vessels; and \\\\en it was said, further over in the paper, that 
" in all the progress made by the mannfttcturers in supplying the miirket 
with a better and cheiipur article — better and cheaper in spite of many 
of the conditions under which he has had to fulfil his customers' wishes," 
etc. — he (Mr. Martelt) thought this remark alluded iu a manner to those 
rules which have been fi.xed by the Society which he had the honour to 
represent. If he wna right in his coujeuture his reply was, these rules 
were never intended to be repressive, They consulted shipbuilders aa to 
what they thought proper, and hud their views lielbre framing them; and 
he could only say if some general system of construction could Iw brought 
out, and machine tools used to a greater extent and ships built as 
strongly, he for one would be most happy to do all iu his humble power 
to have their rales based on this, and if such rules were proposed and 
put forward for the consideration of Lloyd's Register Committee, he was 
sure they would give such proposals their test attention. He coiiBidered 
Mr. Price's pajter to be both interesting and instructive. 

Mr. Baines, as one of the youugest members of the Institution, except 
the gentlemen elected thut night, thought be might be excepted from the 
rale of coming upon the platform, as he only wished to put a question 
and make a suggestion. Hl- would, however, express his thanks, and he 
WHS sure the thanks of other members of the Institution in the same 
position as he was himself, connected with the commercial side of the 
profession, for the very suggestive [laper Mr. Price bad put before them, 
His question was, whether the words " total cost " in the following 
extract meant "net cost" or gross cost, inalusive of "charges;" — 
" 1'aking the following years as representing |)eriods in which the 
ditlerent types of engines were made, I Gnd the percentage cost of hand 
labonr in the tulal cost of the engines and boilers was in — 
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. from 2G to 27 per c«nt. 
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The \'ariationB between the percentages given for each period arises from 
difierences in size of engines, or in 8})ocification8." He thought that 
wonld lead many of them to go into details, and he would suggest that 
the varions marine engineers might contribute to this Institution (it 
might be done anonymously if preferred) the result of their own observa- 
tions on the relative progress of the value of hand and machine labour. 
This Institution wonld then be of considerable benefit to them all. He 
also asked if '^ hand labour" was exclusively hand }al)our, or hand Ial)^>ur 
in conjunction with machine tools? For instance, were the wages of 
labourers assisting at a hydraulic riveter termed hand or machine labour 
in the paper ? If Mr. Price would just amplify that point he thought it 
would be a great benefit to them. It would Ik? interesting if he would 
also refer to the question of engineering and 8hii)building in the Uniteil 
States at the present time in connection with the use of machines. The 
difference in the wages paid in this country and tlie United States was 
so very great that the Americans were not now their comix.*titors. With- 
out trenching upon the question now agitating the American jnople he 
would just give one or two figures from a card sent to him in connection 
with the present Presidential election, in which the wages of Englishmen 
and Americans in the same trade were compared. He had turneil that 
of the latter into shillings : — 







Englaiul. 
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Pattern Makers 




348. 


•71)8. 



(N.B. — These English wages rc])re8eiit the lowest rates prior t^) the odvunccN in 1888.) 

They knew the marvellous development in Amoriai of machine tools, and 
yet their mannfacturere with that advantage were unable to comjKjte with 
this old country. He said, long may they continue in this way of work- 
ing, and allow us to supply the markets of the New World and our Colonies 
with British ships and engines. 

Mr. Price, in reply to the discussion, said he would l)egin with 
Mr. Baine8*8 question alx)ut the cost, it was the total net cost, inclusive, 
of course, of all charges, but containing no allowance or amount charged 
for interest on money out of pocket. He (Mr. Price) had not very much 
to reply to, but the next gentleman whose remarks he had to refer to 
were those very good-natured remarks of his friend Mr. Martell. He 
asked what these observations in his paper really meant? Did not 
the fact that ho came up there and spoke so eloquently against them 
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show qiiit« well hit knew what he (Mr. Price) meant ? He might say 
they constituted, a review of the pist. He wished clearly t« be under- 
stood to be making no invidious observations npoo the pi^eaent; but as 
U) how far he was correct in the words Mr. Mart«ll read he left the 
meeting to determine as to whether he (Mr. Price) was not correct in 
saying that it would be a struggle of no mean character to secure accept- 
ance of a system combining all needful strei^th, with a more i-easonable 
distribution of material, and better command over the cost of prodaction 
by the Bsteneive nae of the machine tool. There had l>een very many 
deeply discussed, hardly contested questions, with Lloyd's Registry, and 
he took the liberty to say that every one of those questions had been 
settled in the affirmative on behiUf of those who raised them. He did 
not care in what direction they went, whether they tamed iu tlie direction 
of the plating of vessels, or any other question raised as to the constmc- 
tioQ of vessels, all were settled in favour of the enlightened views of those 
who moved them, and, hat for the feet that their friend (Mr. Marfcell) 
represented the enlightenment of the present day, he need hardly remind 
them that Lloyd's Society would not have been in existence to-day. 
He said that with all respect, but it was with all respect, too, to the 
historical period through which they had passed in the last iwenty- 
fik'e years. If Mr. Martell would attend one of their immediate meetings 
he would have the opportunity of discussing a paper to be sobmitted 
on a new system of construction with a view to simplify it and modify 
a great deal of the cost in the construction of ships, and until that 
evening he (Mr. Price) would reserve any further remarks he had to 
make with regard to any other observations, and not occupy the time of 
the meeting. The first sjieaker told them they knew no other competi- 
tion except the competition of the district. Why, he knew of companies 
that previously bailt in Hartlepool that now boilt in Fiensburg, and other 
Oontinental towns, and important firms there, built largely of the vessels 
for foreign countries ; and he need not remind them that some of the 
largest and finest foreign Heels had ceased to be built in the Clyde, ihey 
were all built abroad, and it was a notorious fact that, the French and 
the Germans at least, were building the great hulk of their fleets; and 
naturally it was theendenvunr of every nation Ut build Ihcir own vessels: 
it goes without saying, if they were to attain a pusition as constructors, 
they would have to take such means as would enable them to do so. 
Mr, Coote made some very appropriate observations. It struck him that 
the same advance of wages did not take place all over the world, aa 
notwithstanding their improvement the Belgians were still working at 
starvation prices, and no man could stand npon this platform, and say. 
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the cost charges of BbipbnilderB in the Cljde would bear such figures 
as he hnd quoted that nisbt. It was notorious that on the east coast 
the wages were very mnch higher than elBewhere, and it was alao 
not-orioiis that the production was clieaper on the west oosst than else- 
where. That was owing entirely to the extraordinary efforts made in 
past years to the application of machinery to constructive works. It 
appeared to him an anachronism U> say tliat if machines cheapened work 
it wonid at the same time produce so largely there would not be anything 
to build, as he thought Mr. Coote said it might liave been their position 
some twelve months ago, He thought they only existed that day from 
the fact of Wng able tn produce so cheaply during the depressed period. 
It was quite true that if they produced tilings that were not wanted then 
trade woald leave them and they would spend their money in vain. But, 
speaking of the overwhelming demand for tonnage, they had successive 
waves of depression, and, again ofngcension of trade into more bealthRil 
conditions, and why they continued to enjoy the greater part of the 
bnildiug for the whnle world was Iweause they had Im'cu in the van of 
constructive work, 
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Tlie Pbebident said the Secretary would gladly receive written 
remarks on any of the points raised in this paper, or papers if they likeil, 
and thuy would l>e, in the ordinary course, if approved by the Council, 
included in the Proceedings. Any member who had anything more to 
say on the subject should not hesitate to address the Secretary. He 
moved that they tender their very best thanks to Mr. Price for the 
very able paper he had read. He should like to have made somt? remarks 
upon the subject from his own point of view, but there was not time, and 
he would probiibly have an opportunity on another occasion. Allow him to 
call their attention to a notice at the close of the programme, that their 
next meeting would be held in Sunderland on Friday, November 23rd, 
when a paper would be read on a new system of shipboilding. Another 
nioai important duty rested upon them. They owed their jiresenec there 
very lai^gely to the efforts of one of their members of Council, to whom, 
he thought, it woald be ungracious before |>arting not to accord a very 
sincere and cordial vote of thanks — he meant their friend Mr. Fothergill. 
It «as at Mr. Fotiiergill's suggestion to the Council that this meeting 
was held ; it was his effort — he believed without any great effort— that 
had induced their co-members to give them the cordial invitation which 
had been so largely accepted and so much enjoyed ; it was through bis 
efforts a very large acceKsiiui had l>een uuide to the meraberahip of this 
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Institution of their Hartlepool frieDds, and lie whs sure they would a^ree 
with him in according ii moBt hearty vote of thanks to Mr. Fothergill 
for the vahinblfc services rendered to the Institution in the several dii-ec- 
LiouB he Imd indicated. 

The votes being given by acclamation, the Phebiuent, on behalf 
of the Institution, thanked Mr. Price for his valuable paper, and, 
addressing Mr. Fothergill. said, he had very ffreat pleasure in conveying 
to him the thauks of the momher^ present for his valuable serviucs in 
the interests of the Institution. 

The meeting theu closed. 

Communication uecgivbd fkom Mu. J. Sutiyjs on Mr, Pbiob's Papeb. 
'Orlobm- 2iith, 1888. 

To THE SrCBBTAKT OF THE iNSTITirTIO.V. 

Sir, — There is one part of Mr. Price's paper upon which I 
should like to make a lew remarks. (Page 4C.) " In structure, the iron 
vessel followed as far as could be the uoixlen veBsel it replaced," etc. 

That is true only to a certain extent. I remember very well the late 
Mr. Miller, a shiphiiilder of Liverpool, telling me more than twenty years 
ago. that he once builb an iron ship without any transverse frames, 
simply with a certain number of truusversc bulkheads and the shell 
plating, and I think ho said a turtle-back deck. This certainly was a 
vei7 wide departure from the old system of wood Bhipbuilding, but as I 
have never heard of any similar vessel being huilt, I can only assume 
that that system was found not to answer. 

The lale Mr. J. i^ott Rusoell, in building the "Great Eastern," 
introduced the system of longitudinal frames and inner bottom plating, 
. and I belfeve also in (he designs for several other ships. 

The Admiralty have for many years carried out the system of longi- 
tudinal frames with transverse bracket frames of very light material dis- 
tributed so as to give the greatest amount of strength with the least 
possible weight, to carry the heavy armour of our battle ships, with the 
additional safety of an inner bottom, therefore, I think it cau hardly be 
said that we am still following the same lines as that of wooden vessels. 

While being fully alive to the fact that there is still plenty of room 
for improvement in the distribution of material used in the eonstmction 
of our modem ships, many of which we see constantly taking place since 
the introduction of mild steel, such as the flanging of plates, etc., by 
which we get a great saving of weight of material and labour, a good 
example of which we had the pleasure of seeing carried out to a larse 
extent in the framing of a tank bottom ship, building hy Messrs. E. 
Withy and Co., at Hartlepool, on (he visit of the Institution to that 

Slace on the lidtli ult. Tlierefore it cau hardly be said (as Mr. Price 
oes) that "it will require no mean effort to obtain wide acceptance of 
a system professing to combine needful strength with a reasonable dis- 
tribution of the material, and an effective command over the cost of 
production hy a hirger use of the machine tctol." 

Jaues Sutton. 
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VISIT TO THE HARTLEPOOIiS, 
October 20th, 188«. 



SHORT DESCRIPTION OF THE SHIPYARDS. ENGIXKERINd WORKS, 

AND DOCKS. 

Sbb Map (Fbontispibce). 

There are two Hartlepools desi^ated by the Railway Company — East 
and West Hartlepool, but whose correct designations are Hartlepool, and 
West Hartlepool. 

The ancient town of Hartlepool stands upon a rocky promontory 
forming the N.W. boundary of the bay, and viewed from Middleton, a 
village situated between the Hartlepools, presents a most interesting: 
picture of English coast life. 

From the year 1840 to 1847, Victoria Dock, situated at Hartlepool, 
and lying to the east side of the Old Harbour, was the only dock the 
port had ; but as trade increased, and West Hartlepool sprang into 
existence, due to the energy and enterprise of Ralph Ward Jackson, 
Esq., its founder, he in 1845 commenced the West Hartlepool Docks, 
which communicate direct with the sea by the West Harbour, situated 
about a mile to the south of the Old Harbour. The West Dock, 
or Coal Dock, was opened in 1847, the Jackson Dock in 1851, and the 
Swainson Dock in 1850. The New Docks were commenced by the 
North-Eastem Railway Company (who had acquired the dock property) 
in 1872, and opened in 1880. They extend in one continuous line 
from the Lock, or Tidal Basin, at West Hartlepool, to the N.W. end 
of the Old Harbour, thus joining the docks of the two towns into 
one system. In addition to these docks there are extensive Timber 
Ponds, the Hartlepools for years being one of the largest timber ports 
in the kingdom. 

The docks are well supplied with warehouse accommodation, especially 
the Central Dock, the warehouse being 307 feet in length and 107 feet 
in breadth. It is six stories in height above ground, the first being 18 
feet high and the rest 9 feet, and there are extensive cellars. 

On the north side of the Old Harbour there is a fine Fish Market, 
consisting of a covered-in quay about 600 feet in length, alongside of 
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which* fishing boats can get at any time of the tide. The fish is sold by 
auction as soon as landed, packed and wheeled direct into railway trucks 
which run alongside the quay, forming a level floor, and thus, without 
delay, despatched to all parts of the kingdom. In the height of the 
herring season 100 trucks per day have been despatched. 

On the south side of the North Basin there is a well arranged Foreign 
Animals' Wharf. The cattle pass direct from the ships to the slaughterers' 
hands, and the carcases direct into trucks for the London and other 
markets. 

The dock gates, swing bridges, warehouse appliances, cranes, etc., in 
connection with the New Docks are worked by hydraulic machinery, 
supplied by Messrs. Sir VV. G. Armstrong, Mitchell, & Co., of Elswick, 
Newcastle-on-Tyne. 

In the north corner of the Central Dock the North-Eastem Railway 
Company have constnicted a very fine Graving Dock for public use. 
Dimensions: — Length, 550 feet; breadth of entrance, 50 feet; depth of 
gill, 19 feet; height of sill above dock bottom, 8 feet. 

Alongside this dock the Company propose making a second dock of 
the same dimensions. 

Conveniently situated, and belonging to the Railway Company, there 
are four sets of shear-legs and a 25-ton steam travelling crane. 
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The North-Easteni Railway Company, tn) ably represented in this 
district by Mr. J. Bland, General Su|)erintendent, and Mr. K. Murray, 
the Engineer, deserve great praise for completing a system of docks wtiicli 
offer every facility for tlie discharging and loiiding of steamei's and ready 
despatch of cargoes to any part of the kingdom. 



WM. GRAY & CO.'S SHIPBUILDINCJ YARDS, WEST 

HARTLEPOOL, 

Cover an area of about fifteen acres. 'I'here are six Hiiildiug Berths and 
two Graving Docks. (See Plate L) 

Three of the Building Bertlis on the north side of the yard launch 
into the Jackson Dock, the remaind<;r on the south side of the yard launch 
into the Swainson Dock. Vessels of about :^80 feet cjin be built here. 
The yard is completely fitted with modern shipbuilding machinery, all 
the frames and beams being riveted by hydraulic riveters. An hydraulic 
bending machine, recently added, l)ends all the kcrel ]>lates and other 
plates cold. All the donkey boilers and iron and steel nuists are manu- 
factured in the yard, also the sails, blocks, joinery and cabinet work 
required in the completion and outfit of vessels. There is also a conuno- 
dioDS fitting sliop well supplied with modern machinery. The North- 
Eastem Railway Company's lines run into the yard, and the whole of the 
shops, sheds, and gmving d<x.*ks are lighted with electric lamps. 

The centnd shipyard is situatcnl at the Central Dock, adjoining a large 
Graving Dock 560 feet long, and the works of the Central Marine 
Engine Com|)any. (See Plate 11.) 

The site of this establishment cover's an area of five acres, and there are 
three building berths, oOo feet long. Ojxjrations for the laying out of 
this yard were only commenced at the early i)art of the year, and there 
are already three vessels in course of construction, the whole of the 
machinery is nut yet placed ; there are, however, very j)owerful bending 
rolls and planing machine capable of taking in iJo feet of plates. This 
yard is in direct communication with the North- Eastern Railway Com- 
pany, and the whole will be fitted up with the electric light. 

Constant connnunication is kept up l)etween the two estai)lishinents 
with a steam hiunch^ which runs the distance in alx>ut four minutes. 
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. EDWARD WITHY & CO.'S SHIPBUILDING YARD. 

Tlie exttiisive shiiibuildiug and i\;|)airiiig yard of Messrs. Kdwaixl 
Withy & Co. is conveiiieiitly Bitiiatod at MiddleUm, on tlie Boiith bank 
of the entrance to Hartlepool Harlwiir. .\t the time of the Institntion's 
visit, there were four large vesselB over SOU feet in length nn the stocks, 
and they had just coinpleted a stcanier of similar size for Austmliii. On 
the buiidinf* berths keels miiy be laid up lo 50ii I'eet lonfi. Messrs. 
Edward Withy & Co. have made a speciality of well-deck steamers, and 
the majority of these have Iveeii bnilt un ihc cellular liottom and web 
frame principle. It is enlislactory to note that during the last ten years 
not one Imat of this class has foundered, which speaks volumes for the 
seaworthiness of the type of ship constructed at these works. Ilie yard 
is replete with every appliance for canying on wf)rk expedition sly and 
economically. The machinery is of the most modem description, and 
includes manhole punching machines, flanging machines, hydraulic 
riveting machines, etc. Permanent rails or portable tramways are laid 
all over the yard to facilitate the trsrsit. ol" heavy weights. A feature in 
the shell plating here is the length of the plates, which run from 24 to 2B 
re«t. Instead of nsing chain cables in launching, Messre. Edward 
Withy & Co. were the first to inU'oduce strong steel wire rope checks. 
The Ini'ge smiths', fitters', carpenters', joiners', and mast makers' shops 
arc filled with machinery of the latest tjpe.. The general and drawing 
offices are contiguous to ihe maiu entrance of the yard; the scientific 
department of the drawing ofiice has the newest infiirument« for making 
stability calculations, etc. One pleasing feature in the drawing office is 
the employment of young ladies for panel painting and other artistic 
work in connection with the sal'jons and cabins of vessels. 






T. RICHARDSON & SONS' HARTLEPOOL EN(:fINE WORKS. 

This business was commenced 50 years ago in a small woi'ks at Castle 
Eden by the late Thomas Richardsou, and transferred to more com- 
modious works at Hartlepool in IHUl The works are now carried on 
by the present Th-.-mas Richardson, Memher of Parliament for the Hartle- 
pools, in pai'lnei-sliip with his iwu sons. 

At first tlie works wei*e employed iu iron founding and railway plant, 
then lu building staliunai'y engines priucipully for collieries, and after- 
wards in making locomotives. 
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In 1851, the first mariue engine was built, and diiriu^ the t^n years 
that followed the marine engineering braticli iucrea^ed rupidly, and 
became in 1861 the chief manufacture. Since tlieii marine enjLj:iue8 of 
varioos tyi)e8 have been constructed; and, in 1883, tlie first triple 
expansion engine on three cranks was built for the 8.S. '" Para," owned 
by Measrs. Steel, Young, & Co., of West HartIe]KNjl, this Ix^in^; imme- 
diately followed by another of larger power fur the Dutch Mail Com^muy. 
Since then very few engines of any type but this have Ikk^u' built. 

In 1885, the two-cylinder compound engines of the Union (.-ompany*s 
steamer "Anglian" were converted into three-ci-ank triple expansion 
engines by the addition of a high-pressure cylinder with Wyllie*s patent 
valve gear. This altenttion was attended with such success ihat six 
engines more of this Company s Cape mail steamers have since been 
altered, also several lielonging to the Castle and Orient Royal Mail 
Companies, as well as others in steamers of the mercantile class. 

The ** Roslin Castle,** which may now be seen at Hartle}MH*l, is one 
of the largest of these steamers, having engines with cylindei's 8G inches, 
60 inches, and 96 inches, by Go incties stroke, and three double euded 
boilers, each 14 feet 4 inches diameter by 17 feet incites long. 

In 1886, the first pnmping engines on the three-crank trij^le exfian- 
sion type were built fir the East London Water Works, their capacity 
being three million gallons per day, lifted to a height of six hundred 
feet. 

The works (see Mate 111.) consist of engine building shops, iron and 
brass foundries, foiges, and all the usual dei)iu':ments necessary f^r the 
constmction of marine engines. 

The Iron Foundry has a ca[>acity for making uU the niachinery and 
other metal castings required in tlie engine works, Ix'.sides supplying a 
large outside trade, the total being about 400 tons monthly. The 
bnildings consist of three spans of .r^ feet, 4:i leet, and 33 feet respectively, 
the total length being S50 feec. 

The Forges have a cajjacity for njaking 2M0 touso: forgings monthly, 
and besides all the hiavy forgings and shaftings for the entwines made in 
the works ; they also supply a large <>utside demand. 

The Boiler Defjurtment consists of two sho(>s, one having two sjKius 
of 55 feet and 43 feet resjicctively, and a length of 2H* f« et ; the other 
having two spans of 40 feet each, and a lengtli of 142 feet. The 
principal hydraulic machintn aix* a large flanging pri-ss, a 14o.t"L riveter, 
both by Tweddell. The Uglier finishing shop is served by a 7.>ion sell- 
contained overhead crane by B^x^th. 
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The Machine Sliops, as will Lp setn from the Plan, occupy a Urge 
portion of the works, Hod conLaiii machinery capable of dealing with ihe 
largest claes of marine eogineB. AmoogBt which miij' he noticed n crank 
shaft lathe by Shanka & Oo., which is 30 feet l>etween centres, and 
capable of turning a diameter of 12 feet. On this lathe the crank shaft 
of the " Roeliii Castle " was finished iii one piece, the diameter being 
17 inches, and the total weight 30 tons. In the heavy machine shops 
there is also a vertical and horizontal planing machine by Shanks & Co., 
capable of planing a anrfece 18 feet tt inches high by iu feet long, a« 
well as a large horizontal boring and milling machine by Campbells & 
Hunter, of Leeds. 

The Erecting 8hop is 170 feet long, consisting of two spans, 60 feet 
and 30 feet respectively, with a height of 50 feet from the floor to the 
crane rail, and is sen'ed by a self-contained crane by Booth, ajid 5-ton 
hydraulic jib cranes by H. Smith, of Glasgow. The present output of 
the establishment is about 4,000 indicated horse-power per month. 

lu addition to the works shown on the Plan, there are Repairing Shops 
at the Central 8u-ton Sheers, tlie Union Dock 80-ton Sheers, and the 
Victoria Dock OU-ton Sheera, the head-quftrtera of the outside department 
being at the Union Dock. 



CENTRAL MARINE ENGINE WORKS. 

As these works were fully described in Volimiu III. of the Proceed- 
ings of the Iniititiitioii, iu the coui'se of a paper read by Mr. Thoinus 
Mudd, on " The Plan and Construction of Marine Engine Works," it is 
needless here to give more than a few of the principtd details. 

The works (see Plate IV.) were hiiilt during 1883 and 1884, and 
occupy a site on the north side of the North Busiii, which liis bGtwccn 
the deep water entrance from the Harbour and the great Central Dock. 

The works ha\'e a frontage of 830 feet facing the Dock, and there is 
a set of 8U-ton Hydraulic Sheers immediately in front of the works on 
the Quay. The works cover alwut 8 acres of ground, and comprise Iron 
I and Bniss Eouudries, Engine Shops, Boiler Shops, and shops I'or all the 

I sulisidiary trades which (Mimbiue to produce maiine engiuis and boilers. 

■ These works being of quite recent dale are eoiistrneU.'d on the most 

I modern and approved system, and are replete with all modem imu-hitiery 

I and contrivances. Oawmencing exactly at the lime when triple expan- 

H siou engines began U, supersede the older two-cylinder compound type, 
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the Central Marine EnsineeTine Cvrnpanj weiv^ fortnnaro in Winir aWo 
at once to get up patterns for the triple lyp?, their \"vry tirst ondtK* 
being on this principle, which engine was shipp^-d exactly thnx^ years 
affo. Since then over thirtT gets of engines, raneins: ftx^ni iU>i » to 1 ,SiK> 
horse-power, have heen turned out, and the pre^^nt incres»>il aiHiviiy in 
the shiphnilding trade has natssitated the c»inmenwnient of ext«Misions 
to several of the departments. A Fonre and Stem Fnune Sho]^ liare 
also been commenced, and when these adcfttions have Ixvn OiMupleteti the 
works wiU be dependent on the outside world for little nioi\» than more 
raw material. 



THE WEST HARTLEPOOL STEEL AND IRON 00. 

These works are situated at the south-east end of the town, in 
proximity to the NorDh-Eiistern Riiilway, and nre spread over HJ M(!reH. 

Until recently nothing but iron was uuide, but owinj? to the inereiwing 
demand for steel, this firm has erected a most complete Siemeirs Hteol 
plant. 

The Puddling Forge is at the south end of the work«, and couHistH of 
forty furnaces with a 24-inch train, three hammers, etc. 

Alongside this, but to the west, lies the Melting Sho)»H, (!onHiHting of 
six twenty-ton Siemens-Martin furnaces with Hixt<.»en Ingham gan 
producers. 

At the end of the bench is the lahKjraUjry, fitted r;ut In a most (unw 
plete manner. 

To the north of the forge, and east of the melting shop, is the Or;gjring 
Mill, with its three ingot heating funia/;^^, whieh areeharg^^j and dntwn hy 
an hydranlic crane. The mill has rolls '4^> inchet< diameMrr, driven hy a 
pair of reversing engines 12 inch^« diamet/;r and '; f'-yrt '*,lroki% Th<' 
ingot when cogged in sbeare^J into hUh*, which are token away hot' to 
No. 2 Plate MiU. 

Xo. 2 Plate Mill has roik 7 feet long by 2^* incti^^ djaifj^^fr,driv<^i by 
a single crHnder eTigin*: ^^C; incbe- diajr.eter by -ft incb^t! ntf/ke, ifi^- 
revereins \^.iiS d^.T.e through tr,-- ord liary wfjeei g«r*r, 

this i» a jicr:-;Te7 :l...^ xta trtir. :/A (aIs^j rt^ynn^i. u'A •,.'>; ;,,Hi.Vj ^^m'/^ 
yusmA OT*r %ar rr/l ^-c rsuk v. f.'Ml. 
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A third Plafce Mil] is in prooess of erection, which will have a pair of 
reversing engines, 42 inches diam^r by 5 feet stroke^ to drive them ; 
the mill being arranged so as to take in roUs capable of rolling die 
largest boiler plates, bat the nsnal work being done in 7 feet rolls 28 
inches diamet^. On the completion of the extensions an ontpnt of over 
1,400 tons of plates per week is expected. 

In connection with the works are the nsosl Bepairing Shops, and near 
them lies the Test Honse, which is provided with <me of Messrs. Joshua 
Bnckton & Oo.'s fif^-ton testing machines. 

In the test preparing honse are the preparing machine, bending' 
machine, etc. ^ • 
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NORTH-EAST COAST INSTITUTION OF EXOINEERS 

AND SHIPBUILDERS. 



Fifth Session, 1888-89. 



PROCEEDINGS. 



THIIU) (JKNERAL MKKTIXd OF THE SESSION, HELD IN THE LECTURE 
HALL OF THE SUHSCKTPTTON LIBHAUY, FAWCETT STREET. 
SUNDERLAND, ON FRIDAY EVENING, NOVEMBER 23bd, 1888, 



F. C. MARSHALL. Esq., President, ix the Chaib. 



The Secretary read the minutes of the last General Meeting, held in 
West Hartlepool, on Saturday, October 20th, which were approved by 
the members present, and signed by the President. 

The ballot for new memlx^rs having been taken, the President ap- 
pointed Messrs. A. Taylor and R. H. Tweddell to examine the voting 
papers, and the following gentlemen were declared elected : — 

MEMBERS. 

Barclay. Jamcfi, LloydV Register of Sliij)iniig, Newcastle. 

BeU, WilUam, RoHcbill Terroeo, RoKchill, WnUsend. 

Black, J., Messrs. J. Merrjweather & Co., West Hartlepool. 

Bond, C. P. W., 27, Leadeiilmll Street, London, E.C. 

Bonnie, J. J., Lloyd's Register of Shipjnng, Newcastle. 

Brown, E. D., Tei'S Conservancy Commissioners. Middlesl>oronp:1i. 

Cochrane, James, 25, Adnuna, Cadiz, Sjiain. 

Conncll, Cliarles, 2, BroomhiU Drive, Partick, (llasgow. 

Dobson, William, Low Walker-on-Tyne. 

Forster, C, 6, Ellison Place, Newcastle-on-Tj-ne. 

(Iraliam, T. S., 11, Brougham Street, Hartlepool. 

Gray, A., Fairfield, Stockton-on-Tees. 

Hall- Brown, E., 15, Mofir Terrace, Hartle]M>ol. 

Hamilton, J. H., 61, Ix>vainc Place, Newcastle on -Tyne. 

Harrold. P., 14. Rowell Strwt. HartlejKw.l. 
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Jackson. A., 22, Wnnl Streat, West Hartlejiool. 

Jorgeiittn, F., Ing]Wctor of Enginetring to the Austrian Lloyd's, CoiiBtatitinople. 

Kapler, K. J., Lloyd's ItcgiBtGrof ^liip]iiii)(, NcvcBetle, 

Noble, HttiTj, Nurtlieru Movliiiie Timl Works, Forth Banks, XuniiwHo. 

ParsonB, P. B., St. (l«orge's \Vhftrf, Dciitford, I.oniloii, S.E. 

Pupper. W„ The Grove*, Yann Hoad, Stoikton. 

Maud, Leon, BnriMU Veritas, B, Place de la. Bourse, Paris. 

Itendel, II. W., 17. East Parade, Newcastle. 

HiinmiLigtini, R. F., G, Cliff Terrace. Hartlepool. 

lii^r, Robert, Engineer, ic, Stocktoii-oii-Te««. 

Shariie, Henry B., 11. Ziiigari Terrace, Upton. Foroat Dale, London. 

Sinitli, C. E., Messrs, T. Kicliardsoii, Sons, It Co., West Hartleixwl. 

Stewart, H., 10, West Uuor Terraco. I'ullioii, IJiiuderluud. 

Swan, A. S., Orove House, Oosforth. 

Vick, R. W., Messrs. E. Withy k Co., West Hartlcjiool. 

Warren, (t. R„ Lloyd's Register of Shipping, C'oQ»t«iitiiiO]ile. 

ASSOCIATKS. 

Arnistroug, S,, li, Victoria Place, Hartlepool. 

Covenlale. R, H.. Mcsam. J. Coverdale i: Sons, St**mi<liii> Ounovfl. Wi 

Hey. D, W., 1. Klniwood Street, Sunderland. 

Vconian, ¥., Messrs. Murrell & Vcoiuan. West llurlltiwul. 

GRADUATES. 
Nicholson, C, S2, Bronghani Street, Hartlepool. 
Strang. T. R.. Batli Lane. Newc«stIo. 






VISIT TO THE nARTLEPOOLS, 

The President said it was hia prinloge and pleiiBiire to bring before 
the meeting a vote of thankB which it gave him the greatest aalisfaction 
to propose. It was as follows:—" That the V>est thanks of (he members 
of this Institution be given to the Hartlepool membere and then' Local 
Committee for the interesting visit to the engine works and shipyards at 
Ilartlcpoo], and for the generous hospitality with which they entertained 
the members on that occasion." He (the President) was sure thore could 
only be one feeling with regard to the interest of the meeting at Hartle- 
pool. From its initiation, from the earliest stages of the movement, it 
was taken np moat heartily by the Hartlepool people. In the case of 
Institutiori.s of this kind, it was certainly a matter of great iraporlauce 
that they should extend their influence as far as possible, and seeing that 
this was an Institution, not of one locality only, but of r district extend- 
ing over a considerable area, that is, embracing fnur rivers, namely, 
the Blyth, the Tyne, the Wear, tiud the Tees, it was of the utmost im- 
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portance to them that they shoald extend their influence to these distinct 
localities. At the snggestion and invitation of their friends in Hartle- 
pool they visited that place, and whether they looked at that visit from 
the point of view of interest to the members from the northern parts of 
the district^ or from the extended influence of the Institution, or from 
the great increase of members which had resulted from that meeting, he 
submitted that the visit had been of the utmost interest and vahic to ttic 
Institution. It was therefore with very great pleasure he moved this 
vote of thanks. It placed them, as was said at the meeting, under a large 
responsibility with regard to the future. Their visit to the Hartlepools 
necessitated at any rate that they should invite the Hartleix>ols back 
again to some other locality, and the probability was that before the 
dose of the session they would be asked to accord an invitation to their 
entertainers to some other part of the district, either to the Wear or to 
the Tyne, in order that they might have another of th^^rse meetings which 
had proved so very interesting on their visit to Hartlepool. He had 
very great pleasure in moving this resolution. 

Mr. W. Boyd (Past-President) had very much pleasure in seconding 
the resolution which liad been projwsed by their President, and endors- 
ing everything that had been said by Mr. ^larshall in reference to it. 
He (Mr. Boyd) was quite sure that all who were present at Uaitleix>ol 
would thoroughly appreciate the way they wei-e received and the very 
interesting works that were opened for their inspection. He had an 
opportunity at Hartlepool of proposing the toast of "The Town and 
Trade of Hartlepool,'* and expressing these same seutiments, and he had 
very great pleasure in repeating them now. »So far as the Institution 
was concerned it was a decided step in advance, and one to the credit of 
their friends at Hartlepool, and notably their friend Mr. Fothergill. He 
hoped that something that was said at Hartlepool would be remembered, 
viz., that it might be the beginning of similar visits exchanged between 
the different localities which combined to make up this Institution, and 
that they on the Tyne, and Wear too, might in some future year throw 
their establishments open for the insix^ction of their brother engineers 
and shipbuilders, for such a thing could only do the greatest possible 
good; and he was quite sure, at least he hoped, that the example set by 
Hartlepool would be followed by other parts of the North-East Coast as 
years go by. He had very great pleasure in seconding the resolution. 

The resolution was put to the meeting, and carried by acclamation. 




APPOINTMENT OV TBUSTBES. 
The PusninrF ezplamed tttnt BDitslde ofBces toT the Institstion 
luiTiiig been tabn on tlie finb floor of No. 4, St. Niohobs' Bnildings 
"Week, it was neoeanij that '^natMB shonld be q>p(Hiited, trnstoeB for the 
flnt pieoe of jwoperty they had acqnired in the way of Tooma and ftami- 
bat. On bdulf of tlte Odniunl, he had to nominatfl HeoarB. W. Boyd' 

Pand W. Tiieodore Doxford, Past-Presidents, and Mr. F. 0. Marshall, 
President, bat it was for the meeting to elect them or any other mem- 
bers as tmst«e8. 

Mr. H. Macoll said, when the constitution was drawn up for the 

orgaoiBfttion of the Institution they did not retdiae their beooming 

poBsessed of property. And when the neceaaity of having offices for 

the Inatitution, tc^ther with a room for a hbrary woee, it waa quite 

evident they would Iw getting into the position of tenuita and oooapiera, 

if not Innd and property owners, whieh wonld enttiil eoterinK into a lean. 

It was to all intents impracticable to hare the «hoIe body of the 

w, Institution nndertuking such Hgreementa, and it was therdbie neoeonry 

Ito appoint some reHponsible tangible indi^-iduala to Tetveaent the 

f Inatitution nnd sign documents and ao forth on their behalf. -He did 

not conceive they coiUd have better kuown or moie soitaUfl 'geutlo- 

men than those nominated by the President, itnd he had mnoh pleaare 

in movinif Measra. Royd, lloxford, and Marshall Iw elected as their 

tnisteea. 

This waa seconded by Mr. John Gratell, and Messra. Boyd, Doxford, 
and Marshall were dniy appointed troBtees for the Institntion. 



Mr. JOHAN Johnson then read a paper "On a New System of 
Shipbuilding to facilitate the Application of Machine Siveting tu Shell 
Plating." 
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OX A NEW SYSTEM OF SHIPBUILDING TO FACILITATE 
THE APPLICATION OF MACHINE RIVETING TO 

SHELL PLATING. 



By JOHAN JOHNSON. 



[Read bbfobb the Institttiox in Suxdeblaxd, on* Novkmbkr 23ud. 18H8. ! 



Although competition and the increasing dimensions of ships have 
compelled shipbuilders to adopt heavier and improved plant in their 
yards, no very advanced changes have taken place in the methods oi' 
preparing and combining the material but, in the main ix)ints, the old 
traditional system that developed out of wood shipbuilding is still in 
vogue. 

The necessity of improvements in the art of shipbuilding has l>cen 
felt ever since the introduction of iron and steel, and papers suggesting 
new systems of constructing vessels have from time to time been read 
before other societies. 

The disposition of the material and the mode of combining the vari- 
ous parts of a ship's structure, in order to obtain the greatest amount of 
strength and economy of workmanship, can never be too well considered; 
and as no paper treating on this important question, from cither a prac- 
tical or theoretical point of view, has yet been read before this Institu- 
tion, the writer ventures to entertain a hope that this paper will at least 
lead to an instructive discussion and cause the members to give their 
opinions on how improvements should best be effected. 

Labour-saving machines of the very best description Ciin now be had 
to perform work of the most intricate character. Hydraulic machinery 
is used in several yards for riveting the transverae framing, beams, etc., 
before these are erected in their positions, but only in isolated instances 
has hydraulic machinery, as yet, been applied with encouraging results to 
the shell and the heavier interior parts. All efforts to introduce such 
appliances on a more extensive scale have always proved of no avail on 
account of the shipbuilders' inability to change the accepted methods of 
carrying out the work. 
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It is impossible to touch on what iias been achieved by way of im- 
provements in iron and steel ahipbuilding, without refen'ing to the writ- 
ings, inventions and labours of the late Mr. John Scott Knssell, whose 
name will always occupy a predominant positiou in the history of ship- 
building. He protested, ever since the infanuy of iron shipbuilding, 
against tha manner in which the earliest builders followed the. traditions 
of wood shipbuilding and with his extraordinary independent mode of 
thought and at^tion he set himself to work out au entirely new method, 
viz., the longitudinal »!jstem. On that principle he built his second iron 
vessel, the "Storm," in 1824, and, as the method of constrnction adopted 
in that craft has formed a basis for a good many suggestions with regard 
lo the framing of vessels, it may be of interest to notice briefly the novel 
and ingenious contrivance out of which evolved longitudinal ehip- 
bnilding. 

In the "l^turm" the bulkheads were unusually numerous. Deiug 
spaced about the beam of the ship apart they provided for the necessary 
traiiBVurse strength. The longitudinal frames coosisted of T iron bars, 
wrought on the landings of the shell plating so that these landings were 
flush plated. In larger vessels he afterwards modified this arrangement 
in flttiug broad stringers, and web frames instead of the closely- spaced 
bulkheads. The earliest ships built on tlie longitudinal system turned 
out to be so strong and successful in every respect that whenever Mr. 
Scott Russell had his own choice he built his ships on that principle and 
had the courage to prophtcy that the time would come wheu the longi- 
tudinal system must take the lead of the transverse system. Obstacles 
arose, however, beyond his control and, contrary to his autici[)ations, the 
longitudinal system is at the present day never practised in the building 
of mercantile vcssqIb, except in certain modes of framing double bottoms, 

So much h^ been written — particularly by Mr. .Scott Russell, whose 
arguments hold good at the present day — in order to point out the 
superiority of the longitudinal systiun that it wonid be out of place for 
the writer to recnll any but it« moat prominent advantages. 

In a vessel with longitudinal framing the bow is stronger, so that iii 
the event of coliisiun this part of the hull is not hable to such total col- 
lajse as is mostly the ouse in a transversely framed ship. The vibration 
of the stcrff is spread over a larger portion of tlie Btrncture and conveyed 
to its stronger parts. The sides are not so readily cut down by collision 
and adequate local strength anywhere in the ship can be obtained with 
more foctUtj. Wliere unequal stresses arc liable to exist— such as, for 
instancu, in the way of bulkheads^thesc are distributed by means of the 
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longitudinals over a larger surface. The engine and boiler scatings can 
with considerable advantage be secured to the longitudinal frame work. 
The disastrous results of bilge water washing back and forward is 
greatly diminished. 

One of Mr. Scott Russell's principal reasons for adopting the longi- 
tudinal system was, however, on account of the superior sti'cngth such a 
system gave in the long narn>w ships of the period. 

As previously mentioned^ the introduction of the longitudinal system 
met from the very beginning with many difficulties. Chief among these 
were the workmen, who, trained to the old methods of carrying out work, 
for various reasons looked askance at any new departure from the systc^m 
they had made themselves familiar with. 

The registration societies have also frequently been blamed, to a cer- 
tain extent, for hindering the accomplishment of new i<leas in variance 
with their own rules and recommended modes of construction. Of this 
censure Lloyd's have had to take the brunt, but on the other hand it must 
not be forgotten that Lloyd's are placed in a very delicate i)08iti()n when- 
ever a deviation irom the old routine is contemplated. Moreover, great 
credit is due to them for having taken the strength of merchant shi[)s 
seriously into consideration and investigated the stresses such ships are 
subjected to, so that the material is now better utilised, both the longi- 
tudinal and the transverse strength more uniformly provided for and 
vessels built in accordance with their rules are on the whole much 
stronger than formerly. 

For the sake, therefore, of obtaining more strength no new system is 
now necessary; but another important motive, viz., the want of mechan- 
ical aid in the laying off, riveting, etc., demands an advanced method. 
The writer is of opinion that it will hardly ever be possible to introduce 
machine riveting to the shell plating, unless ships are constructed on 
some sort of a longitudinal principle. 

But before any longitudinal or other new system can be introduced, it 
must fulfil the following conditions compared with the present system: — 
The cargo space not to be less; access to all parts of the iron work 
made easy for inspection and painting; the skin plating to be well sup- 
ported; and lastly, but not least important, the weight of material and 
the cost of labour not to exceed but if possible to be less. 

Vessels built to Lloyd's rules can be safely taken as being sufficiently 
strong in every respect; all that is needed, therefore, is to produce in a 
ship built to a new system equivalent strength to the scantlings provided 
for in these rules. Mr. John and other eminent authorities on the 
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streup;th of ehips have pointed ont that there wob a tendency at one time 
to cotiRider that, if a vesael was made strong enough to rc^Bt longitndin&l 
streBsefi, it followed as a matter of couree that the tmnsveree Btrength 
waH also Buflicient. But the elements of transverse nnd longitudinal 
strength are mntually dependent on each other, the rigidity of the 
transverse framing is responsible for the preservation of shape and on 
this again largely depends the Inngitndinal strength. 

The transverse stresses experienced by ships have not been very 
extensively ascertained. In a paper read before the InBtitntion of Naval 
Architects in IR82, by Messrs, P. Jenkins and T. C. Head, this question 
was dealt with irom a theoretical pfiint of \iew in a most able manner, 
and their investigations show most clearly boiv enonnously the transverse 
strength is increased by the nse of web franicB. The tendency of late 
y€«ra has also been to increase the Tinmber of web frames and, indecil, 
in this some builders have exceeded the demands of Lloyd's rnles. and 
the intermediate ordinary frames are now of nsc only in supplying local 
support to the shell plating, Web frames, carrying estra strong deck 
beams and spaced from 10 to IS feet apart, are undoubtedly a superior 
arrangement for the preventing of racking strains, as their connections, 
or the beam arms, can be made considerably stronger than ordinary frames 
and beams. Besides, web frames are more rigid in resisting the defleotion 
of the bottom and the bilges, which is due to the downward action of the 
weight of the aides and decks of a vessel when being docked. 

On Plates V. and VI, are shown side elevation and sections of a 
longitudinal system of framing vesselB, devised by Mr. N, Arthur — the 
inventor of the well-known frame bevelling machine— and by the writer, 
and is the outcome of an idea which originated with them a few years 
ago while engaged in shipbuilding in Scotland. Last year, throngh the 
courtesy of Messrs. Joseph L, Thompson & Sons, they bad an oppor- 
tunity of maturing the scheme and comparing the weight and strength 
with a vessel built by that firm. 

The plans referred to represent a well-decked cargo steamer, 275 feet 
long, by 31! feet 3 inches breadth moulded, by 19 feet 8 inches depth 



In Fig. 1, Plate V., is shown the general arrangement of the stmc- 
ture and spacing of bulkhcnds and web frames, 

Pig. 2, Plate VI,, is a section in way of the web frames; the loft 
part of the section is taken at the after-bold and the right part at the 
main-bold. 

The longitudinals consist chiefly of bulb angle sections — Figs. 4, 5, 
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and 6, Plate VII. — whidi wonld probably answer best in a. ship of this 
type and size. In some particular cases channel, Z, or T bars may be found 
preferable^ but there are certain drawbacks in connection with adopting 
these sections, such as, for instance, if channel bars were used it would be 
difficult to apply an ordinary riveting machine, and Z bars would be 
somewhat costly to bend and Iwist, unless special appliances were adopted 
for the purpose. T bars would be suitable where flush plating is required, 
although the amount of riveting would be doubled. Moreover, channel 
and Z bars are difficult to make tight where passing through bnlkheadii. 

The shell plates are from 4 feet to 4 feet 6 inches broad, with a 
longitudinal on each landing, taking the same rivets and one inter- 
mediate longitudinal on the centre of each stroke ; this latter may be 
dispensed with at the ends where the distance l)etween the landings tapers 
off to less than 2 feet. 

Shell packing is done away with almost entirely. 

The floor plates or webs in the cellular bottom are spaced from 4 to 
8 feet apart, depending on the amount of local strength required. It 
wiU be noticed here that the bottom plating is well supported by the 
longitudinals and the transverse webs. 

Deck erections, such as poops, bridge houses and forecastles, could be 
either constructed with broad web frames and longitudinals, or, if this 
arrangement was found to trespass too much on the room reserved for 
cabin accommodation or cargo, short frames connected to the beam arm 
next below it could be fitted, as shown in Fig. 8^ Plate yi. 

The ceiling in the bottom is wrought in the ordinary way and the 
cargo Imttens are fitted vertically and soimred to tlie longitudinals by 
means of hooks or cleats. 

In the prevalent transverse system, the material which constitutes the 
longitudinal strength is weakened by not \mng united, since the shell 
plating is partially separated from the stringei's and keelsons by the 
transverse framing. As most f»f the stringers and keelsons have to be 
carried out to the shell plating and connected thereto, a great deal of 
strength is lost through having to be scored over the frames, which 
arrangement is al><o rather c(;Rtly. In this longitudinal system, which is 
submitted to the cnticism of the meml)ers of the Institution, all the longi- 
tudinals are attached to the shell, lx)th combined giving the same longi- 
tudinal strength as if the ship was built in the ordinary way. The strong 
transverse web frames are all inside the longitudinals and spaced on an 
average of about 12 feet apart. The web frames and the broad stringers 
are securely connected with diamond plates and, independent of the shell 
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plating, the whole framework is more rigid than the ordinary ttaoBA 

frftiniiig. 

It is very psseiitial to have the shell plating as rigid as poBsibld, « 
botli the locnl mid longitudinal Btrengtli to counteract the vniying Btrei 
ill a Bcaway depends mostly on this. Buckling of the shell is I 
prevented witJi longitudinal than with tranavcree framing, In i 
yessclfi, or any vessel of light LYmstructioTi, it is difficult to keep t 
landing edges of tlie thin steel plating fiiir, unless these landii^ 
supported by longitudinals in a similar manner. 

The amount of fumaee work would be considerably reduced. 
the Ion gitudi Hills are wrought as nearly us possible normal to the BurTae 
of the shell plating, they are then more efficient in streugth than ; 
bevelled. 

With the ciGcptiou of the bulkheads there are no Iransverse eU 
on the shell to regulate the position of the butts and the plates c 
kept equal in length, or nearly so. Tlie sliell butt strajw do not requiii 
to be cut to allow the longitudinals on the centre of the strakes to p 
through, but these longitudinals will be wrought over the butt straps 
this will form u very efficient stiffening. The rivet holes would h 
be countersunk to a standard gauge and the rivets made with their hea 
to suit the same gauge, put in from the countersunk side and clenched ti 
on the inside. 

The want of mechanical aid in laying oGTand punching becomes h 
most obvious. A considemliJc saving of time would, no doubt, bo efiee 
if the shell, as well as deck plates, could he jiunched and shaped bof 
any fi-araework was erected. Mr. Arthur and the writer have given tl^ 
question tiieir fullest attention for some years and have devised a sjrstem a 
mechanical tcmplating and punching, whereby ihe accuracy and ucouoiB| 
of workmanship is enaui-ed, but regret that, owing to the nature of td 
patent laws, they are not at lil^erty to give particulars. 

With regard to the transverse strength, one web frame ought to b 
equal in strcugth to iis ordinary Lloyd's frames and reverse frames, aai 
the resulla of the calcnlations give :— 

MoLiHTit uf rpaistnnce ft one plfttc Web frame - 632 
,. nil ordinary frames = 117'1 

which shows that the provision of tmnsverse strength is much superioel 
in the proposed system. The longitudinal strength of the propc 
system is also slightly — about 3 \Kr cent. — stronger than the Irs 
i^ystem, With the sciiiitliugs ns arranged on the sections the weight of I 
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iron would be about 46 tons less, or 5 to C per cent, of the total weight 
of iron. In this saving of weight about 10^ tons of shell packing is 
included. 

From this it is evident that, without decreasing the dead-weight 
carrying capacity, as compared to a vessel with transverse framing, the 
vessel in question could be made very strong by adding a trifle to the 
scantlings. 

The erection of the structure would l)est be carried out in the follow- 
ing order. — First, the keel plates and the centre keelson to be raised 
and the preliminary riveting in connection therewith completed. Then 
the bulkheads and the principal web frames to be fixed in position ; 
through their rigid nature they will serve as con-ect supports to the 
remainder of the framework and no alteration of shape can take place on 
the stocks. Next, the longitudinals, previously punched and bent to the 
required shape, to go up with each strako and riveted by machinery as 
the work proceeds. Very few ribbands are necessary, which will in itself 
tend to reduce the working cost. No cumbrous frame-work will be in 
the way of the riveting machines, which can then Ix) suspended alK)ve the 
vessel by means of cranes or travellers. 

If machine riveting is to be successfully applied to shipbuilding the 
plant must have independent supports, clear of the hull of the structure, 
as it is too costly to move heavy machinery of that kind, with their pipe 
connections, about inside a vessel. 

When the height of a deck is reached this can be built in and the 
whole iron work below it thus being finished, any cementing or wood 
work in the interior may be taken in hand, instead of having to wait 
until the whole structure is nearly completed. 

The chief aim in planning this system has been to ensure sound and 
accurate workmanship in plating and riveting, without being solely 
dependent on the varied skill of the mechanics, and to reduce the cost of 
production'by substituting for skilled labour every mechanical aid within 
our reach. 

The writer begs to specially thank Messrs. Joseph L. Thompson & 
8ons for the interest they have taken in the system ; having been stimu- 
lated by the encouragement given by them, he has ventured to bring the 
system before the notice of the Institution. 
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niscussiox. 

Tliti I'KEf^iSK.NT said, Liiuy hiul in their hikuds, und they hiiil listened to 
u very interesting paper on a new mode of sliip construction, li'caU.'d in 
tlie truu Bpirit of the jjrogn-ss which they were all so aaxioUR to see, the 
luloption of the application of machinery of all kinda lu conjnnetion vitU 
lintid labour for the production uf work at tlic lowest poBsiMe cost. The 
IMper waB now oi«n to diFcusaion. He prcfeiTed not to say anything 
ujjoii this question — one about which he, jis an engineer, ought not to be 
too positii'e. Engineers were not supposed to be shipbuilders. There 
were engiueera' shipbuilders, but they preferred that night to hear the 
opinions of their shipbuilding Iriends on this question. It was n moat 
important one, and one to which a great many people had devoted their 
attention, and he hoped they would have a lively, interesting, and 
intelligent diacnssion. 

Mr. RoBT. Thompsok said, his firm had taken considerable interest in 
this new Bystem of construction to which Mr. Johnsou ha<l devoted much 
time and labour, and he thought be had displayed no small ability in 
placing these sections before them that night. That ship was not a 
mythical one, it was a sister ship to one built on the ordinary nuaed 
quarter deck and web frame system. The owner telt ratJier disposed 
to build such a vessel as they saw before them, but when the designs 
were sent to Idoyd's, they were told the system was a new one for which 
they had no data ; and looking round, he thought they had no staff to 
work out the calculations necessary to say whether it was etiual to the 
previons ship built to their rules. Probably the staff they had in their 
own yaixl was double that which Lloyd's had, and he was not surprised 
that they threw cold wati;r upon the new designs, for the simple i-eason that 
they seemed to have more to do than they could on thu old lines without 
tackling this new one. They had since lieaixl (he had heai'd there that 
night) of another society that might take it up, and he could only say 
they would do tiieir Ix-st to get a ship bnilt of that type, because they 
were satisfied from the iuuount of time and consideration they had given 
to it, that that was the next step some one would have to take. They 
had heard a good deal in papers recently as to the amount of machinery 
and mechanical appliances for cheapening labour, or rather increasir^ 
production, and he thought the previous paper seemed lo show that 
although they increased or multiplied their mechanical appliances yet 
their labour also increased. He (Mr. Thompson) really would like some 
criticism that night from shipbuilders and dmughtsmen engaged in the 
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BBine bDEioess, becanse he thought the sections before them had put 
aotnethiug within s workahk distance of what coald be built as an 
improved type of ship, and its thig other society had hiDt«d that the 
Uiing might be carried through, probably thsy would have to leave 
Lloyd's Comraitt** until ench timfa ns Ihcy better understood the 
requiremeuLe of the Ehipbiiitdiu<r trade. 

Mr. Oeavbll (Bureau Veritas) said, he eubmitted a copy of the 
paper and some drawings of the system now uuder diaeuaaion to the 
Committee of Bureau Veritaa, He was glad to say they accepted the 
system, and thought it was a decided improvement on the old style 
of Bhipbiiildin^, and they were quite willing to accept a similar sec- 
tion for classification, provided some slight alterations or additions 
were made. One of tlie su^estions they would like to make was in 
the double bottom. They thought there should be more brackets in 
order to stiffen it in case the vessel grounded. In loading or going 
up shallow rivers there was always a risk of the vessel touching the 
ground, and the distance between the floors was such that they considered 
it wonld be necessary to fit additional bracket floors between the solid 
floore, as the bulbs shown on the section were hardly sufficient. For the 
same reason in consequence of the great distance between the web frames, 
a larger number of stringers should be fitted, and these stringers con- 
nected to the skin between the web frames by brackets, so as to prevent 
any alterations iu the shape of the longitudinal bulb angles. There did 
not seem to be sufficient connection between the inside framing and the 
skin of the ship. In reply to the President, Mr. Oravetl further explained 
in the drawings what he'mcant. 

Mr. G. W. SiVEWRiDHT said, the construction of web framed and 
cellular bottomed ships had occupied his time during the last twelve 
years, and any improvement in that line was sure to meet with his 
approval. He was pleased to notice tliat in one part of the paper, Mr. 
Johnson specially mentioned 8cott Russell's name and thought that every 
shipbuilder, or anyone having to do with ships, ought to feel a deep debt 
of gratitude to Mr. Scott Rusaell because he considered that when they 
looked at all the web f^ttmcd and coUnlar bottomed ships now building, 
these were only modifications of Mr, Scott RiBsell's principle. But Mr. 
Johnson had gone fnrther than this in his design, which showed that a 
very good attempt hod been made bo build a ship iu a more mechanical 
mauuer than by the old system, and the more mechanical aids wc can get 
to do shipbuilding the bettor the class of work will be. There were two 
or three small matters in the section that he considered were not quite 
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perfect, llie principal one appeared to be t!ie thi-ee-ply ri\'ctiiiff at the 
plating seams, bub he had no doubt that this objection could be got 
over by good mechanical riveting, and after a ehip or two had been built 
to the design, the defects or objectionable parts of the first plan wonld be 
BUrmoimted, He quite agreed with Mr. Thompson that we were getting 
beyond the stage in which shipbuildere could only build a ship in one 
way, that is, the way set out by Lloyd's rules. There was no doubt that 
Lloyd's had many interests to consider, and in his opinion this was the 
reason they were so careful about making any alterations to their rulee. 
The delay caused by this had the effect in many instances of deterring 
new designs. He would not go so far as to 8<iy that the Bureau Veritas 
would cut out Lloyd's, but by helping shij«wners they would encourage 
many improvements shipbuilders would like to get introduced. 

llr, H. Macoll considered they had had placed Iwfore them by Mr. 
Johnson something like what he had no doubt would be the style of ship 
in the futui-e, especially when of considerabJe length. There had been in 
the past several attempts and proposals to introduce longitudinally cou* 
stracted vessels. Hitherto they had been " sat upon " by their esteemed 
friends the classifying registrars at Cornhill and others exercising similar 
functions as well as by the operatives who did not take at all kindly to 
the introduction of the proposal. Hence, those people engaged in the 
coustmction of shijis usually found the oi^liuary incidental troubles and 
bother attendant on the business i|!iite atifficient for them without com- 
plicating matters by endeavoming to introduce novelties wliich entailed 
a sort of all round fight to obtain their introduction. However, it may 
be hoped by the spread of intelh'gence and the great adaptability of the 
modem machine tool that it may be practicable for the euterprisiog 
shipbuilder to pull along somewhat more satisfactorily than has hitherto 
been done in this direction. Mr. Johnson lays down several coaditiona 
to be fulfilled in the new, or shall we say improved style of ship 'f Rtiil it 
would seem that two very important factors are not defiued, nor are the 
means by which they are to be fulfilled stated except by inference. First, 
the strength of the proposed ship as compared with the present system. 
This should be dearly and distinctly proved and set forth, that is so far 
as figures may go to do it. Next, the means of applybg the riveter to 
the vessel. The system of construction of the vessel being granted, how 
is the riveter to be applied to the work V Considering the width of shell 
plates now in use, and as this is not likely to be lessened in the future, 
the riveter must be au article of considerable range and couseqnently of 
conaidemble weight. In a ship of 10 to 50 feet beam and 300 to 50u feet 
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loDg, the riveter must be capable of swin^ng easily from the centre line 
of the Bhip to the outside of the shell plating, consequently it mnst 
be hung from a travelling crane, which in turn must be supported on 
columns placed between the vessels, and a line of columns outside the out- 
side vessel, the crane designed to be of sufficient height to clear the upjK-r 
deck and have appliances for lifting over the beams, bulkheads, etc., 
rapidly and easily. Granted this done, it would be a splendid an'iuigement 
for hoisting the framing, plating, and other material into ])osition. Look- 
ing at the matter more in detail, it would seem to be necessary to have at 
least twelve cranes to each ship with two riveters hung from each crane 
so as to command and work iNith sides of the shi]), and each nveter 
should be hung from a sort of inverted crane secured t() the travelling 
crane, which sliould be of considerable radius so as to work without in- 
terfering unduly with the riveter on the other side of the ship hanging on 
to the same travelling crane. All this could not be done without a very 
large and expensive addition to the pi'esent shipbuilding plant, and was a 
factor requiring a great deal more attention than has Ijeen paid to it in 
the paper. Then as to the additional strength in the bow gained by the 
system, he was afraid in some cases the remedy was worse than the 
disease. In the event of a heavy collision in the stem, it was quite 
possible these longitudinals, if they did not buckle up, would disturb, and 
to a certain extent, destroy the collision bulkhead as he had observed 
in several cases even with the ordinary style of construction. There wius 
not the same objection at the after-end of the vessel, on the contrary 
great 1)enefit would l>e derived from having a better, more direct and 
rigid attachment from the stern frame to the adjacent framing and shell 
plating. Another matter he desired to draw attention to was the 
drainage of water down to the pumps. How was the water to get down ? 
Say from the upper part of the bilges to the rose lx>xes near the centime 
line of the bottom ; and as this was a somewhat important matter it was 
desirable that some arrangement should Ije indicated for the purpose. 
So far as he could see by the plans, the longitudinals would either have 
to be filled up with cement, which was a heavy and rather old-fashioned 
way, or holes would l)e made in the longitudinal bars. Looking at the 
size of these bars, and considering they were unsupported between the 
web frames, he did not consider they were strong enough to admit of holes 
being made in the webs. In fact the longitudinals seemed rather light 
altogether for the work they were supposed to do in supporting the shell 
plating as they were shown, and that brought him to what he had been 
considering for some time : the writer had not put before them the parti- 
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cularB of the calcululioiia of tlic comparative strengtlis of the present and 
the pro))Oscd section. It itad to be taken pretty mueh as a matter of faith. 
\n the puper it was alat^jil one well frame was so much and six ordinary 
IVniucs were so much, but it was advisable to see the steps by which these 
results caine about, lu ii comparatively new departure like Uiis, the 
stivngth of the proposed vessel shonld as far as jwssible be placed beyond 
ijncfitiou. Moat of them had only now seen the diI^Jl■amH for the first 
time, and for his part, however willing ho might lie lo accept the results 
which had been stattsl, lie fonud it difficult, very difficult, to do so on the 
information snppHed. 

Mr. JonKBOK said he tronld ^ivc the calculations as an Appendix lo 
his pai>er. (fee p. llil.) 

Mr, JlAPOLli — There was another matter which did not apjiear very 
clear to him, namely, the longitudinals goins over the shell butt sti-aps 
would involve considei-nblc ti'ouble and expense in joggling the liars. 
•Indging from the fad that nil the thicknesses were given in sixteenlhs, 
he presnmeil the material was intended to be iron. His experience in 
joggling iron bulb angles was not such as would lead him to adopt it if it 
could possibly be avoided. Even with steel bars and the use of hydraulic 
or other powerful machinery he was rather doubtful as to the effect of 
joggling on the strength of the bar, hut believed it would be considerably 
weakened thereby, and on the whole it might be quite as well to use the 
jMickiug even at the disadvantage of tlie extra weight. He hoped hia 
friend Mr. Johnson would not think he was an opponent of hia scheme, 
on the contrary he desired Jigain to express bis upprociaLion of the pro- 
posiil and of the labour he lind expended in placing the matter in so clear, 
intelligent, and he might luld tfl!ent<ii, manner lioforc them. Stiil it 
was not by ignoring diffieullies or olijwtions that the projiosed method of 
shipbnilding would lie adviincMl, but by meeting and overcoming these 
objections when reaeonabic in tln-mselvra, and not simjily the result of 
prejudice. 

Mr. T, M11.1.AR said, that sinoe receiving a cojiy of the paper he had 
not been able 10 give the subj«t the ntlention he thought it deserved, 
He was very much pleased thiit Mr. JohiiMm had plaoed before them snoh 
(I verv interesting and instructive pa|)er. There were one or two [uints 
upon which he did not ijiiite agree with tlie author and some of the 
previous speakers. The syslciu of longitudinal framing proposed, was, as 
far as he wmld see, a modification of Scott Itmiseirs, and judging from 
the plana now befoi-e them he thought a considerable advance in the right 
direction, as it brought within range the use of sections of material which 



DI8CU8BIOX — SEW .<TSTK]I OP ?HlFBrJU>nfG. ><5 

could be worked easily and to great advantage. Ho was pleased to hear 
that a recognised society was quite pre(«ured to accept the vessel, as this 
got OTer one diflBcoltj ; all that was nc^w ueces<»rT being the a^v istance of 
some enterprising shipowner willing to sjc-nd some monev, who wonld 
give the system a fair trial. It woald l)e a veri' dilRcnlt matter indeed to 
give an approximate estimate of what a ves^A bnilt on this system woold 
cost, owing to the trouble there was in getting workmen to aecast^m 
themselves to anything new, there Icing qnite sufficient trouble at times 
to get them along with the present svstem of framing if any new departure 
was made. The method of framing seemed to him open to serious 
objections. In the present transverse system of framing it was lOryible 
to get a large body of men drafted on to a vessc-l in a very short time, 
whereas in the proposed system (»f erection, making due ullnwance for the 
lienefits which would be derived from the use of riveting machines, the 
vessel would require to Ijc very far advanced in s«.»me directions before a 
large body of men could be employed pmfitably. lie thought the three- 
ply riveting through the shell and longitudinal frames objectionable, as 
there was trouble in getting fair holes even in the present system where the 
immber of three-ply holes is limited. Of course if the holes were drilled 
this difficulty could })e surmounted, but the work would be ret«irded and 
the cost of production increased. Again, he noticed from the section that 
the lugs for attaching the web frames to the longitudinal frames were 
shown fitted to the bosom of the bar. This arrangement he thought would 
interfere with the riveting of the shell Ijehind the Ings; an objection, 
however, which could lx» got over by using a section of bulb angle with 
the bulb inside and placing the log on the back of the frame. But 
perhaps it was the intention to rivet the shell before the logs were 
put on. 

Mr. Johnson — Xo. The intention was to rivet the lugs on first. 

Mr. MiiJJkB — Then he should certainly place the lug on the opposite 
side of the frame, as, if placed there, it would not interfere with any of 
the riveting. He als*> thought that it would be advisablfj to keep the 
landing edges of the shell clear of the longitudinal frames, but quite close 
and parallel to them. One of the previous speakers proposed the intro- 
duction of additional brackets to strengthen the longitudinals in the 
double bottom. This he thought would be unnecessary^ as the frames 
were spaced qnite close enough to support the shell and had sufficient 
strength in themselves to do all the work required of them between the 
transverse floors, which Mr. Johnson states are 4 to 8 feet apart on an 
average. Regarding the drainage of the vessel, although this at first sight 
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appeared troublesome, it could te got over by punching small limber holes 
[lirougli the framea. which could Iw done without materially affecting 
their strength, and which he thought would prove cffit-ieuL With 
reference to the framing being caiTied out lo the stem affecting the peak 
bulVheaft in case of collision ; while agreeing with one of the provioua 
speakers, that there might be some dnuger of this occurring iu the present 
arrangement of transveras fraruing where the stringers are fitted inside the 
fmmes from the stem to the bulkhead, or for some distance abaft same, 
the danger would be greatly lessened in the proposed system, as the shock 
would be t«keu by the frames nnd contiimod aft to a certain extent clear 
of the bulkhead altogether, thereby niinimiaing the danger of doing any 
damage to the liulkhcad. lie should like to see as many as jxiBsible of 
the longitudinal frames carried right aft and strnngly attached to ihc 
Htern-post, as there was always considerable vibration there, especially in 
vessels in which the engiuea were placed aft. Another objectionable 
feature to the longitudinal framing wiia the increased number of bulkhtad 
collars which it would be necessary to fit, this being, as they were well aware, 
very expensive and difficult to make a good job. At the same time these 
difficulties could be overoome, and whatever extra coat was incmred 
would no doubt be bolauccd by considerable savings in other directions, 
and nothing would give bim greater satisfactiun than to assist in intro- 
ducing some improved system of framing where riveting machines 
could be used advantageously. Mr. Johnson said, and advisedly, that 
in any new system introduced it must in no way differ from the 
present system so far as cargo space, etc., was concerned, as any 
infringement of cargo space or difficulty of free access to the 
skin or other parts of the vessel would at once condemn it. There 
would, he thought, be some difhculty in bending the I'rames, although 
from the arrangement proposed they conld no doubt be all bent 
cold, by BO doing both time and money could be saved. The I'act of the 
shell lieing fitted close to the frames would do away with a ainaideruble 
amount of packing, and he thougbt that Mr. Johnson was very moderate 
in his estimate of this saving. The joggling of the frames over the butt 
sttiiips was another thing he took exception to as reducing the strength of 
the frames, lie did not tiiink ilmt ii was iit uU iii'i«Btt.'iry U\ do this, us 
the butt straps could be cut and fitted close to each aide of the frame, ur 
if thii was objected to the butt straps could be stamped and fitted into 
the bosom of the frames, and this he thought could be done at less oost 
thai) it would !« possible lo joggle the i'rames. There would be some 
tronble in couutorsinking the rivet boles tri a standard gauge, but no doubt 
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it coald be got over. Most of them eiiga?»Lii in «?:'pl niWinir w.?re fally 
alive to the advantages ^ined in being able t> <r»c the w. rk temi»!;ii<r i 
and shaped before any frame work Wii> enrotc-*!, an-l thvy W'.r»M !■• or.iy :«>) 
pleased if Mr. Johnsctn was able lo develop v.-Tie mvthoil by which this 
could be done correctly and rapidly «-• as i*j lessen the •.■osi an-l increas*:- 
the rapidity of prodncti«.in. Seeing iLat the «inrU2rdj L'^iine-l by the ir.tro- 
dnction of web frames is ftillv ree-'-smisei], he thonirht that if t^e '-rdiniirv 
transverse frames were made lighter in the pre<eiit sy«tem, tie ii:ml«er of 
web fiames increased and adJiti'^nal IvULrimoinal .strin^vrs intr>i::<^. 
the strength of ressels might be gr«itly incrta!»r«i with the Sittne weight 
of material and at about the same con. He h<»peti that u: n** very distant 
date thej wonld have the pleasnre of seeing ^fr. J"Ln!5«'ri*5 j'rrtj->*r'i system 
reduced to actual practice, and he wi*hed him every ^ui?ees« in tlie working 
out of his ideas. 

The Pbesidest obpened that ail the «f»e^kers liai referre*] ni'.-re ^^r 
less to machine rivetinif. and the diffi'.nliie- inoi'lvnt v* it- app:i*;a:i>'n. 
Mr. Tweddell was present and miL'ht <iy ■-•ihething t* iheiij, Le haviui: 
applied the machine. He (the Pr'>i'ivnt) fa Tioit-l Vrr- l.a*^! 1 «••»:' .m many 
arrangements adopted v* g-.-t over th*.-^:* dif!i'nl?ie<. 

Mr. R. H. TwEi»DELL said, hec-ame that evening' C'»: i«» ^ii-.-ik alji-ir. 
hydraulic rivetine machinery, bet to he;»r what was the niit-jre r4 the 
proposed alteration in shi]» C'«ns:nTcri«;n V.»y whir-L the application of snch 
machinery anld be facilita'.ed. He 'Mr. Tw^Weli, had in a ]iajier read 
by him before this Insiitition alreitdy pointel -^nt that it was not the 
absence of snitablt: rivtiiiig appliances "s^hich i-revenu.-'l meolianical 
riveting being applied to ships as •Ticce?*fTi11y a- h ha-l ain--ady l^.-en to 
bridge and boiler work, h'it that -ihipbuiiders would not alter tlieir mode 
of erecting and constrnctini^ sliips. The author of this {/aper however 
had approached the suViject in the ri'jht way, b*Jt before they could expect 
to see ships mechanically riveted shiph-iiMere would have to sjiend an 
amount of money in t^p^/^s and craiie ajijiliaiices far exceefling, in pro- 
portioUy that now laid out by Ix^iler and bridge builders. His friends 
Messrs. J. L. Thom[>->u k N^n- l^a^l made a g^x^l conimenfi';ment 
in that way, an'l «e^:in^ tljat the author of this l/afj^rr had the Ijest 
wishes of this firm, a-r expn-^sfte'l in the \a\jf:r yi-i rearl. he hojj'id that 
they would so'jn *^± ihe'r way clear w ^till further develop the applica- 
tion of machinery to riveting ^hij>j in their yard. As was well known, 
the qnestion of riveting the t/jp aiA UiiUftn memUrrs (so to spr^k) of 
a ship — l<xjking u|^^n the Rtrueiure as a girder— was now satisfactorily 
solved, and it would seem -trange if t^je interme^iiate plating cocdd not 
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also be done by machinery. The variouB objectiooB to triple plate joints, 
etc., would dLBap[)ear at once wlien done by machinery. He (Mr. 
Tweddell) had reccQtly speut a day with Mr. William An-ol on the 
Forth Bridge Works, It was worth any shipbuilder's while to visit that 
remarkable work, and after such a visit the qaeBtion of "templets" laying 
down and erecting of the most complicated ironwork would resolve itself 
merely in u quoation of highly educated and trained foremen and 
draughtsmen. There is not a sti'aight line in the Forth Bridge, yet 
everything is eo well done in the moulding loft and yard that the putting 
together in nUu goes on much faster than the preparatory work. The 
question agaiu of landing the plates to various curves is solved in a very 
satiafiLCtory manner, although in this respect shipbuilders have not perhaps 
much to learn of anyone. It all resolved itself into a question of first 
outlay, and if anyone will consider for a moment the relative ratio of 
money laid out in tools and labour-saving apphances in proportion to 
tonni^ of alecl or iron worked in a shipyard, as compared with that laid 
owt in «ui engineer's or bridge builder's shop, this will be at once apparent. 
IVr osuuplu tttke llie ^most entire al«euce of lifting appliances and tram- 
iv^}'« (in many yards) compare the number of labourers lifting Irames 
*ud bMRis U.1 Uie working of a small hydranlic urane, which would pick 
Ihtin uis put tliciu on a rolley, and which wottld again be drawn along by 
* hydntulic npalHii. In some shipyards he (Mr, Tweddellj was employing 
hytlraiilio i.'A{ititJUis to dniw the fVamos out of the furnaco and bend them 
h> iJw|W, (ic, but it was not necessai'y to go into details of that kind. The 
HHUii qut«liv)ii is, the application of machinery to riveting ships ; and in 
(Mth-lii«rtU he (.Mr. Tweddeil) would only remark that the difficulty did 
ihH lif ii) l-lw want of machinery to do the work, but in the uusuitability 
ofllw ptwcnt mode of construction for its application. The author's 
jmivr t* oiw of the first steps t^iwaiils ivinoving this objection, and it will 
W Mot tliv Ivttsl of the good i-esutU of the formation of this Institution, 
ir lliv Nurt-h'East Coast takes the initiative in a matter which is of vital 
lt»|wilMiKW> not only to the inuintenanoe of its present position in the 
•liipbuildiun world, Ijut also to the ensuring exceilenee in quality com- 
l<i«wl «ilh clit-apness hi cost of production. 

Mr. CnAti. S, Allott, M.IubI.C.E., a visitor from Manchester {by 
tuvtiittiiwl, had nut, he tuiid, ci>nie lliera to lake piirt in the discussion, but 
iiiuli'lj t(> hour the paper I'ead by Mr, Johnson. It had given him great 
|>lt«wiuv (ti lie present that evening, and hud also affortlcd him a great 
iUkaI of iuslrui-tion. He could nut lay daim to being a judge of the 
iVKjHi'livi' synk'uw, not hehig a shipbuikkr ; but he thought he could go so 
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far as to endorse pretty well aU that Mr. Tweddell had said as to the 
difficulties and how thej could be got over. He (Mr. AUott) thought, too, 
that it was merelj a question of arranging the cranes. If they could get 
the machines where they were wanted there would be no difficulty in 
applying them. The system that he was interested in was rather different 
to that of Mr. TweddelPs ; it was the compressed air system. It had its 
special advantages, jast as the hydraulic machine had its advantages. 
One of the advantages they claimed for the compressed air riveting 
machines was the low-pressure they worked at. They used ordinary four- 
ply flexible hose, and could take it anywhere about the vessel ; they found 
they had no leakages or anything that way. They could also utilise the 
compressed air in other ways. Mr. Tweddell spoke of the hydraulic drill, 
they had also compressed air drills, and used the same compressor for the 
oil burning rivet furnaces as well as the Lucigen Lights. Considering 
this system was only recently introduced into England he considered they 
were doing remarkably well, and were at the present time fitting up some 
of the yards on the Clyde, and they had them working in their own town 
here. As far as regarded the number of plies to be riveted it did not 
matter whether it was three or a dozen. At present they were riveting 
up as many as twelve thicknesses of plates in bridge building, putting in 
rivets eleven inches long and one iuch in diameter. As to the laying off 
he could only endorse what Mr. Tweddell had said, at present they had 
very little difficulty. 

Mr. W. Th£0. Doxfobd said that the paper which had jast been read 
was a very interesting one and one upon a subject which was becoming 
of increasing importance, if they were to apply mechanical means for the 
riveting up of the shell, etc., of iron or steel vessels. A good deal of 
reference by the various speakers had been made to Lloyd's, and by 
many Lloyd's Committee were blamed for not agreeing more readily 
than they did to suggested improvements. They must, however, con- 
sider that Lloyd's was a very important body, and had to safeguard im- 
portant interests, not only the interests of the shipbuilder, but also those 
of the shipowner and underwriters, and when they consider that, they 
should not be too hasty iu their judgment when they found that Lloyd's 
were slower in acting than they should like them to be. However, from 
what Mr. Oravell had said it was apparent that the Veritas Association 
was prepared to accept something on the basis of the proposal they liad 
before them, and if so Lloyd's would be compelled to follow suit ; un- 
fortunately there were no definite calculations in the paper showing how 
the strength had been worked out, but as Mr. Johnson had promised to 
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add this to the paper for the Transactions ita value would be very much 
increased, us the calcnlntioDs would aaaist thorn very coiisidcrahly in 
coming to a right judgment npon the valued proposals before them, Ou 
the section upon the wall tiiey had the size of plates, frames, etc., for the 
proposed vessel, but unfortunately not the correspondin;; scantlings for a 
similar vessel built strictly in accordance with Lloyd's rules so that they 
were not able to form an opinion aa to which parts of the vessel had becQ 
reduced, so as to save the weight claimeii by Mr. Johnson. If this had 
been done by reducing the thickness of tlie shell pkting, he for one 
would object to such a course being adopted, as he tlioiight that the shell 
plating was thin enough at present. Aa the proposal at present stood it 
was difficult to say whether (be Btip]>ort given by the longitudinal frames 
would Ite equal to that given by the ordinary vertical frames and he 
would like to know whether the longitudinal frames were coutinnoas 
through the bulkheads or not ? 

Mr. Johnson — They are continuous. 

Mr. DoxFOHD — If so there would U- ct.nsiderahle difficulty in making 
the bulkheads tight iirouud thein. Mr. Johuaon mentioned the iieci'S- 
sity of not reducing the internal capiieity of the uhip, but from the 
apjicarance of tlie i>lanB before them he (Mr. Doxfoi-d) mtlior feared that - 
the internal capacity would be very considerably reduced as the web 
frames were very close, and would probably have to be closer still to meet 
Lloyd's requirements, as would also probably be the case with the longi- 
tudinals. Mr. Cra\'ell had already told them that Veritas would require 
these closer. Now, if this were so, certainly with some description of 
tsargo the internal width of the sliiji would practically he reduced for 
12 inches to 18 inches from what it would be by the ordinai'y method of 
construction, which would be a very serious loss. He was sure that the 
members who knew Mr. Twcddell were glad to meet him there once more, 
but he (Mr. Doiford) was rather disappointed at what he had said; the 
intention of the ]»per was tu suggest a system of plating vessels which 
would facilitate mechanical riveting of the sliell, etc., with a view, as he 
understood it, of reducing the ultimate cost of the work, but the im- 
pression that he had got from what Mr. Tweiidell had said was that they 
need hardly hope to reduce the cost of the work in that way. 

Mr. TwEDDHLi, (explaining) rather meant to say it would not reduce 
the cost ler hundred, but five times the speed would in that nay reduce 
the cost ; the construction too would be improved. By the present mode 
of hand riveting they had no guarautec of the workniansLip, but with 
mechanical riveting there was no doubt about it. 



DISCUSSION—NEW SYSTEM OF SlIIPBUILDINC. 91 

Mr. DoxFORD was very glad to hear Mr. Tweddell say so, but he 
(Mr. Doiford) was satisfied that with the present mode of construction it 
was perfectly impossible to apply hydraulic or any mechanical means of 
riveting of the shell plating of vessels. 

Mr. Tweddell — I have given it up long ago. 

Mr. DoxFORD (continuing) said, if they could get a bettor and 
cheai>er method of construction the sooner it was introduced the better. 
From what Mr. Tweddell had said it only required the shipbuilder to 
have sufficient courage to lay out capital in the neoesnary plant, etc., to 
enable a complete system of hydraulic riveting to be adopted, but >)eforo 
buildera would be inchned to lay out the extra capital, which would be no 
small amount, they would want to Ikj pretty sure of getting a fair return 
u|)on the money expended. 

Mr. Geo. N. Arnison, Jun., said, it was gratifying to have Mr. 
Johnson's paper read before the Institution, as if any practical result 
accrued the North-East Coast Institution of Engineers and Shipbuilders 
would to a ccilain extent share in the honour of having taken the first 
step in the adoption of longitudinal framing in place of the present 
pi*actice. They had brought before them the arrangements and 
scantlings of an ordinary "dead- weight cargo" steamer with no hold beams, 
but he should like to have seen how the author would propose to arrange 
a large passenger steamer with several decks laid. KSome years ago he 
(Mr. Arnison) got out a design for a twin screw steamer, GOO feet in 
length, 70 feet beam, in which it was proposed to adopt the longitudinal 
system, but with the longitudinals at least twice as wide apart as those 
shown in the drawings accompanying ^Ir. Johnson's pajM^r. The vessel 
was also intended to have a complete central fore and aft bulkhead. 
He (Mr. Arnison) would like to know had the writer of the paper in 
calculating the longitudinal strength of the vessel designed to be built on 
the new system taken either the "hogging" or the "sagging" strains, or 
both ? Only having seen the scantlings that evening he could not speak 
positively, but it appeared to him that it was likely the longitudinal 
strength must Ixj more than three per cent, in excess of that of a similar 
vessel transversed framed, built according to the rules of Lloyd's Register. 
He thought the longitudinal strength might be fairly reduced, and that 
it would be advisable for a shipbuilder in designing a vessel of this class 
to keep the scantlings l>elow what he was actually inclined to finally adopt 
in the vessel, for when midship sections, etc., were submitted to Lloyd's 
Surveyors and Committee, alterations and additions wei*e almost certain 
to be required. They had heard that this was so during the present 
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diacufi«ioii in the crise of Bureau Yeritus aa regardg Mr. Johneou's pri<- 

posed vesHel. If they madp the most perfect arrangemeute aud enltmiltcd 

them to the approval of Regietratiou Societies, Surveyors, and Committ«ee, 

Lthu latter would want aoinc gcantlings irioreaeed. Probably it would be 

f better therefore to jjropose soantlings whieh did not quite come np to their 

I ordinary roquiremeiitB. This was not, he believed, being done in the 

l}ircsent instance, in which, on the whole, he (Mr. Amison) thought the 

■scantlings were excessive, more especially in the close spacing of the 

longitudinals. Placing these fmincs on the seamii he considered a great 

mistake; that was his persnual opinion. He would preft-r that the 

Ilongilodiuals should only be placed at midway between the seams of the 
shell plating, short disconnected ordinary transverse frames being fitted 
from longitudinal to longitudinal at suitable spacing, so as to supply the 
requisite stiffening i^uinst buckling. A question alluded to by Mr. 
Doxford had previously attracted his attention, viz., that between the 
vater-tight bulkheads thei'e was no actual transverse support to the shell 
plating. For instance, assuming the distance measured on the skin of 
the vessel from the fore-end bulkhead of the iift<?r-hnld to the after-end 
bulkhead was HIO feet, multiplying that fjuautity by the distance between 
the longitudinals, viz., 2 feet, gave an area of unsuppoi'ted shell plating 
of no less than 200 feet. Now, in ordinary practice with the present 
Byetem of transverse framing, with intercostal keelsons and stringers con- 
nected to the shell plating, say every 7 feet, the unsupported area would 
only be alwut 14 feet. Wiia it a projier arrangeEuent so greatly to increase 
the unsupported urea of the shell plating ? Certainly the question shonid 
I be carefully considered ; also as to whether there was sufiicient transverse 
I BUpport to the shell plating. More especially did these points reqnire 
[attention in veseeis with thin plating. He (Mr, Arnisnn) agi'eed that 
I Mr. .Johnson's pmposed system would give additional strength at the 
I ilern, but he thought that even on the transverse framing system vessels 
r bad Iwen built with equally as strong fore-ends. He remembered a vessel 
where they introduced between each tier of beams, orlop and lower, lower 
and main, main and upper ; another tier of beams with stringer plates 
^^^ connected to the shell plating forward, and the collision bulkhead, as well 
^^^Lm panting lieaniB abaft and lower down, bn}usthouk8, etc. If this vessel 
^^^■Vere to come into collision with an icel"!rg he felt sanguine that, as in 
^^^Vthe case of the S.S. " Arizona," the vessel would still Ooat. It was not 
^^H necessary to have a departure from trauB\'erse framing to secure greater 
^^^ntrength at the bows of steamers than what is often at present provided. 
^^^r fiotne of the difficulties of carrying out longitudinal framing in practice 

^ .i . , . ^ 
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had already been mentioned. One of the in'eat difficulties would be to 
get workmen to accept piece-work prices, as they would hardly know 
what to ask, or would ask something outrageous. The first vessel 
would probably have to be built on time wages, and as had been pointed 
out by Mr. Millar it would be very difficult to form an approximate 
estimate of the cost. A point in the paper that surprised him (Mr. 
Amison) was that in the writer's reference to Lloyd's Register he gave 
that society so much credit for the existing system of scantlings. He (the 
sp^ker) did not think a great amount of credit was due to Lloyd's 
Register. What were some of the facts ? In 1855, when the Committee 
first issued tables of scantlings, they were based so much upon the practice 
in wood shipbuilding as to require for an Al vessel frames 16 inches 
apart, and shell plating of a minimum thickness of 1 inch for a vessel of 
8,000 tons; and when in 1857 the firame spacinpr was increased 2 inches, 
the entire shell plating was increased one-sixteenth in thickness. The 
late Underwriters' Registry for Iron Vessels deserves s|)ecial mention in ' 
any discussion as to the fitness of existing rules and scantlings for 
modern shipbuilding. Prior to its existence '^surplus scantlings" 
were in vogue, and how long they would have continued to be so, if it 
had not been started in 18G2, who could say ? The Underwriters' or 
(as it was commonly known) the Liverpool Registry at once commenced 
to class vessels built on considerably lighter scantlings, and in 1868, ap- 
parently to compete with its mode of classing vessels for twenty years, etc., 
the Committee of Lloyd's Register announced in future iron vessels would 
be classed Aa, Ab, Ac, and widened the spacing of frames to 21 inches. 
Will anyone deny this was larscely, if not entirely, due to the opposition 
of the Liverpool Registry ? Again, the latter society early based most of 
the scantlings on the dimensions and proportions of vessels, while Lloyd's 
Register employed the tonnage as their basis ; but in 1870 this bulwark 
of Lloyd's Register was removed, and to the great amusement of 
many connected with shipping they again altered the symbols of classiti- 
cation, and made them for new iron vessels 100a, 90a, 80a, etc. It was 
only just that the credit of the improvements in the scantlings and 
strength of iron and steel vessels should be properly assigned, and no 
small share of it was due to the Underwriters' Registry for Iron Vessels. 
Some remarks had been made about the excessive cost entailed for water- 
tight collars at the bulkheads by Mr. Johnson's proposed arrangement of 
building vessels. No doubt the cost would be great if collars were 
smithed from angles, but a firm in the north of Ireland, which had both 
engineering and shipbuilding establishments at no great distance from 

VOL. V.-ie8H. ^ 




L 



I imaeraA rtadcoOHii, and be hw) mt the 
■BeJriat donbt a better fit SM cannd. ud is aO pralalKB^ whfa eoooocay. 
Kotlnos waa more important than to bnc (faotDogUT dGa«nt wat«r-ttgfat 
coUan. In otdiinry {vacdoe Umt were genenlly teqiured to be inrie 
tight with Aop-waten, red lead, pattj', etc He )»d freqneodf nen 
«ater-ti^ ooOan vhkh had (o lie fitted to kednoa tbroed oT t<q) and 
eeotce pbtea and fiwr angk ban, in which nooe of the joggles at tlw 
oomen petfcctlr fitted, ao that a knife oodld not be inserted before 
caulking. Aaui three-plj rireting be agreed with tboee who objected to it. 
Even witli hjdraalic power it was objectioimble. Greater caie had 
neceasarilT to be eserdaed in obtaining abeolatel/ &ir holes. The tbtee- 
pijr riveting wae a ereat objeciion to the fitting of loneitndinalB al the 
seama. In conduioa. he {Mr. Amiun) while agreeing that Mr. Johnaon'i 
propoaed loogitodinal framing arnutgemenls deserved every encotmge* 
ment, at the same time tliooglit there was room for improvement in its 
detaile. 

The Prksidk.vt said, it liecnme his pleasant dnt; to propi.«e a vote of 
thanks to Mr. Johnson for this paper. Thej cotdd not expect Ifr. 
Jolmaon lo repij to the verif interesting diacntsion that night ; in &ct 
according t/« l)ie mie the discussion would be continned at their next 
meeting to be held in Newcastle. For the moment they would satisfy 
themselves in giving expression to their sentiments of tht-ir very high 
uppreciation of the paper they had just hcurd read. He would 
just make one <ir two remark.^ before putting the motion to tlie 
meeting with re^trd l" several points raised that night. The great 
mutter urged by Mr. Johnson in the introduction of this system 
was the racility it would afford for the introdaction of hydraulic 
riveting, or riveting by pressure of some Idnd. That, he thought, 
wait very ably replied to by Mr. Tweddell and Mr. Millar ; but 
he did not think Mr. Tweddell quite did himself justice. He 
might possibly have shown them some of the methodic by which 
hydraulie riveting was carried on in snch large structures as bridges that 
hod been built for India and other parts of the world, where hydraalic 
riveting was use<l exclusively and in quite as difficult positions as a large 
proportion of lihips witli which they hod all to do. Possibly something 
of that kind might be done on another occasion if Mr. Tweddoll had an 
opportunity. Witli regard to plating, Mr. Tweddell referred to the 
Kortli Bridge. That was a marvellous structure and an exhibition of the 
apjilit.iitioii I'l' niaehinos worked by hydraulic and air power. Perhaps no 
Hurh co(K«nLriitioii </f entrineering ability and force has ever eiistcd any- 
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where as they had an opportunity of seeing in the Forth Bridge. Tlie 
engineering skill brought to bear upon that structure was simply (to his 
mind, and he knew he expressed the opinion of many others) mar- 
vellouSy and of immense credit to the gentlemen who had the charge and 
responsibility of that work. With regard to the workmen a great deal 
had been said, and one had to be very careful in speaking here, so that 
they put their views very clearly. The difficulty at the present day was 
not that they had too many men, but that they very presently would 
have far too few men. At this moment the great diflSculty in many 
places was to get men. What they wanted was for the shipbuilders to 
increase the power of the men by the application of machinery and 
capital, and capital would be invested to much greater advantage than 
in paying it away in wages from day to day. The time of the meeting 
was now expired. He should have liked to have said moi*e. He thought 
their friends of Lloyd's had received a little hard hitting that night. He 
did not say they did not deserve it. On that subject there was a con- 
sensus of opinion in the shipbuilding community that did not exist on any 
other. He did not know that what had been said by Mr. Johnson and 
Mr. Gravell would have any effect ; if not, they would have to work in 
some other direction, and Lloyd's would naturally move in their 0A\'n 
interest. He conld bear out what Mr. Arnison said about the Under- 
writers' Registry. He hap])ened to be in the midst of it, and his friend 
Mr. Martell, and himself had had several brushes on the subject ; but he 
was quite sure Lloyd's, when they were shown by the engineering talent 
of the country that ships could be built in a specific way, would yield. 
He though shipbuilders should study more than they did what had lieen . 
accomplished in bridge building. There wius more shown in bridge 
building, in accurate plating and manipulation of plating, than had ever 
yet been attempted in shipbuilding. He had nothing further to say than 
to move for their acceptance a very cordial vote of thauks to Mr. Johnson 
for the able paper he had road, which had led to such a valuable and 
interesting discussion. 

The vote was cordially given, and the discussion was adjourned. 

The meeting then closed. 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS AND 

SHIPBUILDERS. 



Fifth Sesbion, 1888-89. 



PROCEEDINGS. 



FOURTH GENERAL MEETING OF THE SESSION, HELD IN THE 
LECTURE HALL OF THE LITERARY AND PHILOSOPHICAL 
SOCIETY, NEWCASTLE-UPON-TYNE, ON MONDAY EVENING, 
DECEMBER Utr, 1888. 



F. C. MARSHALL, Esq., Psbsidbnt, in the Chais. 



The Secretary read the minutes of the preceding General Meeting 
held in Sunderland, on November 28rd, which were approved bj the 
members present, and signed by the President. 

The ballot for new members having been taken, the Pi-esident 
appointed Messrs^ J. T. Milton and J. J. Campbell to examine the voting 
papers, and the following gentlemen were declared elected : — 

members. 

BartUboi, Jehangir Framji, Bombay, British India; (temporary address) I, Olive 

Street, Sunderland. 
Boddy, John, 39, Milton Rood, West Hartlepool. 

Cama, Nusserwanji Bomanji, 17, Gcrg^um Back Road, Bombay, British India. 
Faruffini, Capt. M. C, 6, Claremont Terrace, Newcastle-on-Tyne. 
Hardwick, Norman, 140, Rye Hill, Newcastle-on-Tyne. 
Harvey, Alfred, Messrs. Darlington Forge Co., Darlington. 
Haswell, liobert, Messrs. Harlaud & Wol£P, Belfast, Irekind. 
Pascoe, James Roger, Tyrmout, Woodford, Essex. 
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PROCEEDING B, 

I'oftse, J. F., MM«rs. DikrUii){ton Purg(> Cn., l>nr1iiigton. 

nke. JaiD« J„ 6, Curtu Street, Peckham, I/niidoit, S.K. 

Prand, Anthony, Tjiie Dtwks, South SIiIdIiIb. 

Robinson, Frsdericl F., 26, Wilkinson, Street, Allicrt Sr|iiari.<, LnniWtli. London 

B.W, 
Itodgeraoa, Williau) Jolin, 7, Wjcliflo Teirsce, OAtealieiui. 
t!peacc. Jamca C, Heasra. Tyno Boiler Works Co,, Low ^Vnlker. 
Hwinnoy, W.. 3, Conway Tcrmco, Tjnc Dock. 
Tnll]i, George, 48, Blenhoim Street, Nowawtle-on-Tjne. 
WorsdcU, Wilson, North -Eutern Locomotive Works, Qatoshcad. 

ASSOCIATE. 

Ilorlaiid. Qcor^, 1, Westoc Crcsoeut, Sontli Shields. 

GRADUATES, 
Finrli, Ilerbort K,, !0, Everaley Place, Heaton. Ncwcastli'-oii-Tyno. 
LiplwTt. Kiclmrd A. E., au. Pnrtlnnd Riwd, Newcmllc-on-Tjne, 
Rosa, Wm. ChislHilm, 7^ Huaton Pork RdmI, HeaUin, Newcastle-on-Tyne 



The following Bye-laws, drawn up by the Council for the manage- 
ment of the Library and Reading Eoora were submitted lo tlie meeting 
for coafiiToation : — 



THE LIBEAET AND BEADING ROOM BYE-LAWS. 

1. — The Libnuy and Beading Boom shall be managed by a Com- 
mittee, called the Libnuy Committee, who shall have chaise of all books, 
papers, specimens, etc., which may belong to the Institution. It shall 
consist of fire members of the Institntion, of whom at least two shall be 
members of Council. 

2. — The books and other property of the Library shall be rested in 
the Trasteea appointed by the Institntion. 

3. — The Library Committee shall be appointed annually, at the first 
meeting of the Conncil in each session, and its members shall be eligible 
for re-election. 

4. — The Secretary of the Institution shall be Librarian, and shall 
also act as Secretary to the Library Committee. Three members of the 
Committee shall form a quorum. 

5. — The Library Committee shall be responsible for the binding and 
purchasing of books, periodicals, papers, etc., and for the expending of 
all money voted by the Conncil for its nse. It shall appoint an attendant 
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who shall acfc as Assistant Librarian. It shall make Byc-]aws for the 
management of the Library, sabject to the approval of the Council, and 
present an annual report to the first meeting of Council held after the 
anmnal scrutiny of the books, referred to in Bye-law No. 18. 

6. — Except when closed by special order of the Library Committee, 
or when the Council is sitting, the Library shall be open for consulting, 
borrowing, or returning books, every week day, except Christmas Day, 
New Year's Day, and Good Friday, Monday and Tuesday in Easter 
week and Whit week, and from the first to the second Saturday in March, 
as mentioned in Bye-law No. 13. On Saturdays it shall \ye open from 10 
o'clock a.m. till 1 p.m., and from 3 p.m. till 0*45 p.m. On other days 
it shall be open from 10 a.m. till noon, and from 1*80 p.m.' till 
9*45 p.m. 

7. — ^Books shall not be lent to any persons except members, associates, 
or graduates of the Institution, but a person entitled to borrow a book may 
send a messenger with a signed order for it 

8. — Each member shall be entitled to introduce a friend to the 
Reading Room, whose name shall bo written in the visitors' book, 
together with that of the member introducing him. 

9. — The books marked with an asterisk in the Catalogue shall be 
kept only for consultation in the Library, and shall not be lent. Pending 
the preparation of a Catalogue, the Librarian shall be instructed by the 
Committee as to which lx)oks shall be withheld from circulation. 

Nq periodicals, magazines, or pamphlets shall be issued for circulation 
until after they have been bound and added to the Lending Library. 

10. — ^The Librarian shall keep a register in which he himself or the 
attendant shall enter the titles of the books lent, the date of lending, the 
name of the borrower, and the date of the return of the book to the 
Library. The borrower of the book or the bearer of his order shall initial 
the entry of such borrowing, and the Librarian or the attendant shall 
initial the date of the return of the book. 

11. — No person shall borrow or have in his possession at one time 
mope than two volumes l)elonging to the Library. 

12. — No member shall retain a book longer than fourteen days, ex- 
cluding the day of issue. He shall be responsible for the safe return of 
the book, and if it be damaged or lost he shall make good the cost of 
such damage or loss. 

13. — ^All books belonging to the Library shall be called in for inspec- 
tion and the lending out of books shall be suspended from the first to the 
second Saturday of March, inclusive, of each year, and mcmlxjrs shall be 










A. 

red li itimatioc inserted in the notice callinf,' the prei'«ding 

lucBting of the 1 istitntioQ to retara all books in tUeir hands before the 

^ period mentioned. 
Members failing to comply with this injunttiou shall pay a fine of 
shillinfTB and Hixpunce. 
, 14. — Members are requested, wjien in the Reading Room or Library, 
•* jntribnte to the general comforb by carefully abstaining from lond 
ng, noise of any kind, and from smoking. 

]5,— Any member >«ing twelve mouths in arreare with his snljscrip- 
QB to the Institution shall not be at Jilterty to use the Librarj or 
fiading Room after the commencement of the firel session following. 

B N.B, — The foregoing Rules may be amended at any time by the 
y Oummittee with the sanction of the Ooancil. 



, ry Oommittee wit 



'he Prrbioknt said, they had heard tlie Hyo-hiws read, which had 
been approved of by the Council. They were now submitted to them for 
their confinnation. The whole qnestion was open to discussion, and it 
was for Ihcm to say Yes or No to their adoption. 

On the motion of Mr. J. T, Miltok, seconded by Mr, Robert 
Thoufbon, the Bye-laws were adopted. 



I 



Mr. JoiiAN JoHNHON replied to the discussion upon his pajxir " On ii 
New System of Shipbuilding to facilitate tlie application of Machine 
Riveting to Shell Plating," after which Mr. Johs A. Rowe read a paper 
on "A New Wave-Motor." 
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ADJOURNED DISCUSSION ON ME. J. JOHNSON'S PAPER 
ON A NEW SYSTEM OF SHIPBUILDING, Etc. 



The Pkesidbnt invited further discussion on Mr. J. Johnson's paper 
"On a New System of Shipbuilding to facilitate the application of 
Machine Riveting to Shell Plating." Generally, he thought, the system 
was approved as being an useful and valuable one, provided they could get 
Lloyd's and the other registries to adopt it. 

As there appeared to be no more speakers on the subject, the 
Pbesidbnt called npon Mr. Johnson to reply to the discussion. 

Mr. J. Johnson, in replying, said the Registration Societies had been 
mentioned a good deal in the discussion, and of course the prospects 
of ever getting a new system introduced depended so much on their 
ruling, that if a ship of this type could be classed half the battle 
might be considered won. 

As Bureau Veritas had already given their entire approval, it was to 
be hoped, that if Lloyd's could be persuaded to look into the matter 
thoroughly they would also give a favourable verdict. He begged to 
express their gratitude to Mr. Gravell, for laying the system before the 
Bureau Veritas Committee in Paris, asking them to give their opinion, 
with the favourable result mentioned. Additional brackets, connecting 
the longitudinal bulb angles to the transverse webs in the double bottom, 
as recommended by him, might be very valuable indeed and would not 
materially increase the cost. Details of that kind would be further 
completed in the course of experience. 

Mr. Sivewright and other speakera objected to three-ply riveting, 
but he thought Mr. Tweddell and Mr. Allott had altogether disposed of 
that difficulty. It was impossible to build a ship without introducing 
three-ply rivets in a large portion of the structure, and if only the holes 
were fair and the material properly closed up, as when using machine 
tools, there could be no objection whatever to this. A well arranged 
system of travelling cranes above the building berths to carry the riveting 
machines, as well as tmnsporting other weights to and fro, would be of 
very impoitant assistance, but they need not be of such a complicated 
character as to incur any large outlay of capital. 
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With regard to tbe draining of the wfitpr ir, the double bottom from 
thi' Bides to the centre, this presented no difficulty as small obloDg limber 
holes cotild be cut in the standing fiange uf the longitudinals, without 
depriving these of any strength worth mentioning. Holes of that kind 
were often cot now ia the transverse framing for allowing the water to 
pass fore and all. 

If the joggling of the loTigitudinaU over the butt Btmpa was done 
with machinery, as proposed by Mr. Twcddell, he thought there would be 
nothing left to be desired in the quality of workmanship. 

Mr. Millar objected to the proposed method of erecting the 
Btructnre on account of the small number of men that could be employed 
at first Itefore the work had reachtid a certain height. But if they were 
able to lay off and prepare the most of the material l)efore any frame work 
at all was erected — aa in bridge building fur iuBtanoc — the Baving of time 
in putting together the various parts of the hall would be wnsiderable. 
While scheming this system they had hod the desirability of saving time 
constantly before their minds, as in competition the rapidity of constnic- 
tion was every day becoming a factor of more importance. lu the 
transverse system they had first of all to erect the whole framework 
complete: and tery few men could then be employed. It was only after 
the ship was in frame that they could admit the shell platers and other 
iron workers, who had to take their moulds and sets from the Iramework. 

The bulkhead collars would no doubt lie somewhat costlier than in a 
ship with transverse framing but, as Mr. Millar said, tliey hoped to eSed 
considerable saving in other directions and this extra cost was not of 
much couseiiuencc. 

In aiLswer to Mr. Doxford he begged to Btate that the ahell b&d 
been slightly reduced on the section (Fig, 2, Plate VI .) in order to gira in 
connection with the longitudinals as near ae possible the same longitudinal 
Btreugtii as if built on the transverse system. 

I!y adopting web frames tbe stowage was not broken bo such a large 
extent as nas generally supposed at Hrst glance. Hold beams, extra 
broad hold stringers and keelsons protnided into the holds and broke 
stowage (juite as much. That there could Ixs very few objectionB to web 
Irume shipa wob proved by the general favour with which these ships hod 
been taken up of lal« years by the shipownere. The ship with which tlna 
longitudinal system bad been compared was a ship of tliat type, and 
Messrs. Thompson had kindly given him (Mr. Johnson) permission to 
pri'iHire for that meeting a section (Fig. 7, Plate VIII.) showing the 
ariaugement of stringers and web frames. In the longitudinal ship the 
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web frames stood 1^ inches deeper from the sliell than in the sister ship, 
built on the transverse system and, as these web frames were spaced the 
same distance apart in both vessels (see Fig. 1, Plate Y.), there was 
very little hold capacity lost. 

Mr. Arnison asked how they proposed to deal with a passenger vessel, 
but, of course, as far as the iron or steel structure was concerned, there 
would be no difference whether the ship was intended to carry passengers 
or cargo, and any extra number of decks would not make it more com- 
plicated. From the calculations of the longitudinal strength (see 
Appendix, page 96) Mr. Arnison would at once see that it was not 
attempted by the writer to ascertain the actual stresses for " hogging " or 
*' sagging " either in still water or in a seaway, but only the comparative 
strength between the two systems. Mr. Arnison first thought the 
longitudinals too close, and then again said he considered the shell was 
not enough supported. The longitudinals did the same service in 
supporting the shell between the web frames as intermediate transverse 
frames, spaced 2 feet apart, so that if these longitudinals were also 2 feet 
apart the shell ought to get the same amount of support, and Mr. 
Amison's proposal to fit " short disconnected ordinary transverse frames 
from longitudinal to longitudinal " would, in addition to increasing 
weight and cost, be absolutely useless. 

A copy of the calculations of the longi- 
tudinal moments of resistance of the two .? ' j « 7 y^eA* -^ 
systems was appended (page 96). The fc»*r*j>f 

figures given in the paper for the trans- 
verse strength were simply the moments If ^I'wteir. j-. j-#- 




of resistance of six Lloyd's frames against * ' ' * 

one web frame, thus, 

The " moment of resistance'* was taken as the moment of inertia divided 
by the distance of the neutml axis from the furthest edge of the section. 

In conclusion, he could only say that he was very much indebted for 
the kind reception his paper had met with. He thought the discussion 
had proved most conclusively that more labour-saving machinery was 
wanted in the shipyards, and that shipbuilders, on the North-East Coast 
especially, were agreed upon one point, viz., that a change of some kind 
in the present method of construction was bound to be introduced 
sooner or later. He trusted the day was not very far off when machine 
riveting would be successfully applied to the shell plating. 

The President moved, and the meeting unanimously agreed, that 
their best thanks be given to Mr. Johnson for his very interesting paper. 




Mr. JouN A. KowK r^iul iln.. ri.lloHing pafwr on "A New Wave- 
Motor " ; — 
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A NEW WAVE-MOTOR. 



Hv JOHN' A. ROWK. 



[Read before the Institftion on Mom. ay. Dkckmber 17tii, 1888. 



For several years the writer lias Ikkjii engaged in attempting to cfmstrnrt 
an apparatus to automatically discharge the heavy gnns of nien-of-i*ar 
when the vessel is on a level keel — and only then. The usefulness of 
such an instrument was forced u\\on his mind by his experiences afloat 
in H.M.S. " Lord Warden," one of the stifTest vessels of H.M. fleet, and 
the heaviest roller. Shot intended for the target would occasionally, in 
spite of the utmost care, ascend skyward — others less ambitious sought a 
watery grave as soon as they left the muzzle of the gun. If good 
shooting was desirable in ISlo, it is absolutely necessary now that the 
discharge of one shot from a large Armstrong gun costs not less than 
£100. The thought has for years been present with the writer that the 
man who could give to the British Navy an instrument that would 
in stormy weather at sea enable the guns to be fired with the same 
accuracy as is obtained from batteries on shore, would, at least, 
double its offensive power. In his search after a reliable gun-firing 
apparatus the writer found the Wave-Motor, an invention that at first 
seemed to have successfully solved the gun question, and other questions 
also. Before describing the motor, perhaps it would be well to say a few 
words on the subject of wave-power, and if the preliminary explanation 
given in this paper should appear to some of the members as more or less 
elementary, the writer would respectfully |xnnt to the composition of this 
Institution, which embraces shipowners as well as shipbuilders — youthful 
engineers as well as heads of important establishments. 

With the object of learning what were the accepted opinions of 
authorities on matters relating to a ship's motion at sea, the writer has 
turned to the Transactions of the United Service Institution, and also 
to the work of J. Scott Russell on Naval Architecture. The two great 
experimenters and writers, Fronde and Scott Russell, seem to have more 
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NEW WAVE-MOTOR. 



rarefiilly and fully worked out. the ]irobli?in8 i>f wave-action and the 
behaviour of vessels among waves thau any otliar raon of tliia or foreign 
cotrntries; and, happily, the former is micceeded by a bod, Mr. R. E. 
Froude, an esi»eriraeuter probtibiy as talented as his father. A simpls 
experiment by Scott RiisBell is worth describing here. 

In u small channel (Fig. 1, Plate IX.) he placed a certain quantity 
of water. At both ends of the channel he built rcBervoirg, and in one 
of them he poured water to a height shown by the line A B. Tlie centre 
of grarity of the wat«r in tlie clianael is at G; the centre of gravity of 
the water in the reservoir is at G,. In the water contained in the 
reservoir he dissolved a little colourinp; substance for identifying purposes, 
and then he opened the sluice door A. 

Instantly iis the n-nter fell from Gi to G a wave waa generated' 
(K, Fig. 2, Plate IX.), which travelled from A, to C, and was caught 
in the roservoir (D, Fig. 8, Plate IX.) by opening the door for its 
reception and swiftly closing it again. An examination of the water 
at A, disclosed the fact that the wave which travelled bo rapidly 
from left to right was a symbol of force rather than a permanent 
material entity. The colom-ed water whose fall produced the wave was 
found at Aj, and the force derived from gravity was transmitted from left 
to right in wave-fonu ( K) by an agitation of the particles of water com- 
municated from one to tmotlier throughout the entire length of the 
cliaimel. Most of us have seen a pack of cards foil by an impulse given 
to one only. This phenomenon rouffhly illustrates the manner in which 
motion is imparted. Some of ns have watched a housewife engaged in 
the homely task of ironing tablecloths, and have observed the ooca- 
eioiial presence of a refractory crease. Now, a crease in a tablecloth 
advancing before the ironing-box throughout the entire length of the 
table is not imlikc the water-wavi'. The form remains; the atoms oon- 
BtJtnting the form change incessantly. 

Tliere is, however, an important differenoe between a linen crease or 
wave and it water-wave. To ]ire8erve motion in the former the hand 
must be kept in motion; arrest the hand and tlie crease comes to rest. 
Not HO the wttt«r-wavo: it continues to advance, and would move for an 

' Indefinitely long period but that its own partial viscosity, and the reaist- 
uniw of the sides and bottom of the channel idtimately effect its degra- 

' (lation, and bring the particles to rest. 

To realise the extreme mobility of wat^r it is only necessary to 
rHiw the door (Fig. 8, Plat« IX.), when the imprisoned wave will 
llvMviid und riDtli loHiiitbt A, with iieaily the same velocity that it before 
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rnehed in the opposite direction, and if, instead of catching the wave in 
either reservoir the doors be left wide open, the wave will simply rush to 
and fro through the length of the channel, nntil the resistances referred 
to bring the water to repose. This little experiment gives one a vivid 
idea of the genesis of waves, and the relation of waves to water. 

If any one shonld donbt the ability of waves to develop mechanical 
power in floating or other structures, an ocean trip to the home of long 
prevailing winds will soon set his mind at i*est; for there huge walls of 
water are heaped up, which advance with the regularity of trained soldiers 
and with the force of mountains in motion. But without going from 
home we can witness wave-power disintegrating the rocks of our coast, 
and flinging great masses of masonry from one i)oint to another in a 
maimer that would be inexplicable but for the knowledge that water 
though possessed of less specific gravity than most rocks, is like the rocks, 
a material substance. Sails spread to the wind imi)el a vessel through 
the water ; why should not a force exerted uiK)n the hull be made to 
produce a ^merfal propelling eflFect ? We will proceed to consider this 
point. 

It is not the writer's intention to refer to any form of motor except 
one existing in the ship herself, and a moment's reflection will satisfy one 
that the more powerful the ship ia as a pendulum, and the more rapidly 
she rolls, the more efficient will she be as a generator of power. Now 
the formula for ascertaining a ship's period when rolling in sm(X)th water 

is : — Period in seconds = tt / , where k = the mdius of gyration, 

V gm 

g = 32*2, and m is the vessel's metacentric height. To build a vessel 

for gun-firing purposes — to build a steady ship — the period is increased 

by increasing k and decreasing m. But for motor work the reverse 

course would be followed, and m made as great as possible. 

Fig. 4, Plate IX., represents a vessel heeled to an angle of 30 degs. 
Her metacentric height is 6 feet, her displacement 0,500 tons, and let 
it be assumed that she makes twelve oscillations per minute, each oscilla- 
tion being 60 degs. 

B and Bi are centres of buoyancy, (I is the centre of gravity, G Z is 
the righting arm, MG is the metacentric height, ZGi is the versed sine 
of the angle of roll. 

Now the work put into the vessel by the waves per roll is approxi- 
mately her total weight multiplied by the height her weight is i lifted 
through, viz., the versed sine of the angle. And whatever work is put 
into the ship must be taken out of her by some agency or agencies, 
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keel and UUf^ chigs, nod the skiD friction. Bnt this is uselera woA, 
eicq* iK> br M stndying the -nttti u ccDoented. OccaBioiially rolling 
ii reda<Kd by disfiarity lietwwn tbe ahip'S penod and the period of [ite 
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grpnlly upon irrepiliirity of form to yn\&il her capsiziog throngli 
exeessive njllin]^. It is inteivstintr to conipatv the work done, or rather 
Uic work ibat could be done, by the xvtBe\ referred to aa 9,5U() ti>nB 
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it is: — 

T«M. 



33,000 

Before proceeding further the writer wishes it to be understood ihul 
he does not contemplate as serious any jiro{K>Nil to rucx>ver the wholo of 
this enormous powur. In the first place, it m imhahh Ihiit no ship tmdgr 
motor irifliwwB could bt vtaile to roll 30 dfg».; and in the iteond place, 
the line of a venj poiverftd nwtor iroulit muhr the »hip unntnbh, but for 
purposcfi of comparlBOii, it is proposeil tu let tlm above coinpntation stand 
though it \x.' iniireimilc. 

That efficient motors could find work to do on board ship is certain, 
if we may judge by the remarks made by Mr. Martcll of Lloyd's when 
disensaing a paper read by Mr. Phillip Watts in 1885 on "The Use 
of Water Chambers for Reducing the Rolling of Ships at Sea." 

" I gathered," said he, " that the excessive rolling of the ship was so 
great that she rolled herself to pieces. She was loaded with a general 
cai^o from America, and in a violent storm her rudder-cliains broke, the 
vessel got into the trough of the sea, and rolled so tremendously that she 
began to leak, and they wet« obliged to forsake her. Tliese ships were 
from 4 to 6 feet greater beam than it has been cnstomary to build ships of 
that description and size, and I have a strong opinion that by incraasing 
the beam quite as much, if not more, danger is being incurred than 
there wiis iH'foro with the conijiarative smallnosB of beam to which 
iittvntiou wits drawn." 

Well, gent l(<u It'll, having Iwloiiged to a tremendous roller for tlirec 
ycnrN and having not(,<d her l>ohaviour in storms when sails were set to 
cloudy her, imd having Uvii in the floot off Finisterrc when the '■ L'aptain " 
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Capsized throngh want of stability, the writer would prefer a few feet 
extra beam to the poor things afloat possessed of comparatively little 
beam, whose metacentric height is so small that they are quite unable 
to set a stitch of canvas to the wind when they are laden with homo- 
geneous cargoes. But every man to his taste. The remarks, however, 
of Mr. Martell, who is a great authority on shipping matters, are worth 
remembering, as showing that positive danger inay arise from great 
metacentric heights if no anti-rolling power bo placed in the ship. 

We will now proceed to describe the wave-motor. Fig. 5, Plate X. 
This instrument, originally intended for another purpose, has been 
variously termed a wave-motor, a seismoscope, as well as an automatic 
gun-firing apparatus. 

S is a hollow sphere containing a liquid— say mercury; C is a cylinder 
containing an asbestos-packed piston. The cylinder and sphere are con- 
nected together by a pipe P. The piston rod, at its upper end, is 
attached to the lever L. (A connecting rod is omitted.) This lever 
works on the fulcrum F. On the left hand side of the fulcrum is a long 
spiral spring. C L is a clock connected by a spindle, shown in dotted lines, 
to a cylinder R, also shown in dotted lines. At P a pencil is fitted in 
the lever and made to project through the curved slot, and l)ear upon 
paper wound round the cylinder R. 

B and Bi are contact breakers, and the electric circuit is completed 
by wires which lead to the galvanic battery and the heavy guns. 

At the extreme end of the thick mahogany board Z B Y Bi, the arc 
is divided into 80 degs. below the horizontal line and :^0 degs. above it. 

Q is a spirit level used for determining the horizontal position of 
the board. X is a stop-cock or valve, at the bottom of the cylinder G. 

The dotted line showing the path travcnjcd by the centre of the 
sphere S is marked in divisions corresiX)nding to the divisions on the 
board Z B Y Bi, and at the height of the angular divisions horizontal 
lines are drawn from the vertical one V T, each line l)ei ng drawn to scale, 
and measuring the sine of the angle against which it is abreast of. 

With the view of marking off the divisions and fixing everything in 
the shop prior to fitting the apparatus on board ship, let us, for the sake 
of explanation, imagine the pipe connecting 8 and C to be a flexible tul^e, 
and further, let us imagine that the volume of 8 is so much larger than 
the volume of C that when C is full of mercury there is still a little left 
in the sphere S. This is to ensure the whole length of \>\^ being 
always full. 

To set the apparatus, bring S to the angle of 30 degs., as shown in 
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the drawing, and ponr mercrny into S nntil it ie about half ftill. Whilst 

this is being done t!)e upward preeatire of tlie mercnry on the piston of 
cylinder C will cause n tension to be exerted on the spiral spring; screw 
Bp the nut of the api-iug nntil the lever is perfectly horizontal. Hark 
these points as Kero. as in this position on board ship the vesael will be 
on an even keel. 

By successively raising and lowering S Co the heights of the sines of 
all the angles each division may l>e accurately marked off, and the appa- 
ratus la ready for the ship. 

But tlie invention was intended to jierform a useful function in 
addition to discharging guns. It was intended to obtain by it automatic 
locords of the angles of roll, their magnitude, and period. 

Theoretically, the instrument worked as follows : — By placing the 
sphere Sat an angle of -to degs. from the horizontal when the ship was 
npright, and balancing the mercury pressure by a long and well coa- 
etructed spiral spring, a horizontal line was obtained which would never 
vary if the vessel did not roll beyond the angle of SO degs. ; for insjiection 
of the drawing will show that immediately the vessel heels so as to lower 
the sphere S in the sliglit^st degree the tension on tlie spring will cause 
the left hand side of the lever to asc^end. If, on the other hand, the 
sphere S be moved by the motion of the vessel above the angle of 30 
degs., the additional pressure on the bottom of the piston — due to in- 
creased head of mercury — will cause the left hand side of the lever to 
descend ; that is to say, the spiral spring exactly balances the head of 
mercury (it measures it, in fact), and, strange though it may seem at 
fint, the pisiOTi -is mo/ienless, and the vessel — or the cylinder, which ie the 
same thing — moves about it. 

During the time that the rolling motion is prooeeding, the pencil P, 
pressing on the cylinder R, traces on its paper the apparent motion of 
the lever, and, as the cylinder is moved by clockwork, the distance be- 
tween the crests will enable the vessel's rolling period to be ascertained, 
and the height of the curve will show the angle of roll. 

If suitable ftir the recording of ocean-waves, why not for land-waves, 
or earth tremors ? Hence the name of '■ Seismoacope." 

Possibly an apparatus wiili the faults of this one eliminated may yet 
enable one to accomplish what the writer aimed at; but Fruiide was able 
to do all this years ago, with a iwnderous wheel pendulum and suitable 
gearing. " Then why," it may 1* asked, " go beyond Fronde ?" 

His wheel was a carefully machined apparatus weighing 2iJU IIk<.. with 
its centre of gravity only ye'^ of an inch below it* point of suspension, 
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and with a period of 84 seconds. It moved on friction rollers, and was 
so caref ally balanced that, ^^ when at rest, a breath on the circnmference 
of the wheel caneed it to move perceptibly." But its extreme delicacy 
renders it nnsuitable to the treatment it wonld be subjected to under the 
ordinary conditions of nautical life. If a breath moved it, so would a 
breath or a speck of dust hinder its true action; thus the need of another 
apparatus becomes obvious. 

Regarding the instrument as a wave-motor, let us for a few moments 
examine the work performed when the apparatus was being marked off 
ready for service afloat. 

When S was raised from T to the angle of 30 dcgs. (the position on 
sketch), the work done was the lifting to the height of T N as much 
mercury as would fill one-half the capacity of the cylinder C. When S 
was raised to B, we lifted to that height as much mercury as would fill 
the whole cylinder, or rather, we should have done in both cases what we 
have said, if the stop-cock X had been closed; but, as the cock was left 
open, the mercury was gradually flowing down the pipe and pressing up 
the piston during the whole vertical motion of S. The work perfonned 
was not lifting the whole weight of mercury through the sine of 60 degs., 
but one-half the weight through that distance. And a certain propor^ 
Hon of this work can he recovered. 

Instead of the small cylinder shown in sketch let the cylinder be 
2 feet diameter and 4 feet long. Its capacity will be about 12^ cubic feet, 
and the quantity of mercury necessary to fill it will be (assuming 1 cubic 
inch to weigh \ lb.) 10,852 lbs. 

Let the radius C T be 20 feet. Let the sphere be moved up 60 degs, 
from T and down 60 degs. six times per minute. Find the work done. 
Using the formula we have explained — 

(1.) 10^> ^ g.^^ g^o X 20 ft. X 6 ^ ^_ ,^ ^^ ^ 

2 5,426 X 17-82 x 6 _ ,7 j rr P 

.n3,0(M) - 88,000 -I7i.n.i. 

Turning now to the card M V T, we can measure its ordinates which 
are sines of the angles passed through, and the mean of these multiplied 
by the radius, multiplied by twelve, will give the mean height of the 
sines in inches, and this divided by two will give the mean pressure on 
the piston. Then — 

Area of cylinder. Stroke. Lbs. 

(2.) 452 X 4 X 55 X 6 _ ,__ ,„„ 
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These two resalu are practically the same, and they arc shown in this 
way in order tP establiflh the truth of the first mode of compnting the 
work done. 

A moment's reflection enables one to perceive that the relations 
existing Ijctween the weight 8 and the spring, or the tension of the 
.spring, are as intimate and peculiar as the positive and negative forces of 
electricity are to each other, or as light is to shade. One cannot be called 
into activity without the other appearing, and the dieappearance of one 
means the annihilation of the other. 

When S is at T there is no tension on the spring. Weight and 
tension may as yet (so far as the invention is concerned) be considered 
non-existing. Bat the moment S is raised above the centre of the 
cylinder (its horizontal centre) tension appears; lower S, and tension dis- 
api)ear8. Raise S 2 feet or 10 feet, and tension doe to 2 or 10 feet 
appears as a matter of course. They are cause and effect : the tension 
k'ing the exact measure of the column of mercury, miuus piston friction. 

But the work done in lifting S is against gra\ity, and it becomes 
stored, or potential energy — energy stored in the spring — waiting its 
opportunity to assert itself in the form of work ; and if S should be 
suddenly let fall from R to T, the potential energy in the spring is 
capable of performing, as useful work, the amount of work expended in 
raising 8 from T to R. 

If this reasoning l>e faulty, the writer will l)e thankful for oorrection; 
if sound, lie lin]iestliat the imjx)rtance of the ])roblem will be recugnised, 
and its lessons ai»j)lied to the sul>ject of the use of free water on lK-)ard 
shij) to retard rolling, and to other subjeets. 

Mr. Fronde and Mr. Watts, in their pajx-rs (.n "Rolh'ng Chambers," 
call attention to an interesting feature of the art of rojlinir a vessel by 
manual labour. They say it is customary to cause seamen to run from 
one side of the ship to another to jirodnce rolling; and the writer has 
himself witnessed the (»peration. But running to j)erform useful work 
must be scientific, and, in this case, should l)e vphill so ns to jMit as much 
work intd the ship as possible. This uphill running ]>r(tduc(s fairly 
heavy rolling, and the power thus jmt into the vessel by the m<.'u is 
analagousto the power put into her by the waves, and by the s)>here of 
mercury. 

The work put into the ship by the men would be tidv(Mi out of her 
by the men, if, instead of running u]»hill, they were to e.\iK'ditiously 
slide down the inclined deck of the ship and comj)el the ijhip to lift 
them. 
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" But," it may be said, " such exertion on the part of the ship every 
time she rolled her ii/wiersed siik towards a level keel would tend to stop 
her rolling." Precisely so; and this is what the Admiralty water 
chambers do. They take out of the vessel a portion of the work put 
into her by the waves, and the work of the chamber ought to be equiva- 
lent to the loss of the vessel's metacentric power. 

Now, the work done by the small water chamber fitted to H.M.S. 
" Inflexible" consisted of lifting 70 tons of water 2^ feet high per swing 
of ship through 18 degs. This height of 2i feet is obtained by observing 
the centre of gravity of the water in the chamber when the vessel is 
upright, and comparing it with its centre of gravity when heeled to the 
angle of roll. The difference between these two points is the vertical 
lift given to the whole mass of water. And 70 tons x 2 J feet =175 

foot-tons per swing (double roll). And 175 x 2,240 x j^ -f- 33,000 
= 66 indicated horse-power. 

It is, however, worth noticing that the designers of the " Inflexible " 
originally provided her with water chambers four times as powerful as 
this one chamber. The work then that would have been done by these 
chambers, with the vessel rolling through an angle of 9 degs. on each 
side of the vertical, would have been 6G x 4 = 2G4 indicated horee- 
power. 

This amount, though not excessive, is not to be despised. 

Among heavier waves and rolling through greater angles the power 
would be proportionately increased. 

According to Mr. Watts it is " probably within the truth to say that 
the water chaml>er when about half full (70 tons) reduces the mean angle 
of roll by from 20 to 25 per cent, when the ship is rolling broadside on 
through moderate angles among waves of from 9^ to 10 seconds mean 
period.'' And according to the tables he furnished the diminution was, 
roughly speaking, from 12 degs. to 9 degs. for an expenditure of 175 
foot-tons in the water chamber. What metacentric power was lost by 
the ship by this reduction of the angle of roll ? 

*Now, the weight of the "Inflexible" is about 12,000 tons. The 
versed sine of 12 degs. = '01285 ; the versed sine of 9 degs. = '01231 ; 
the metacentric height is, say 8 feet ; the metacentric power lost is the 
weight of the ship multiplied by the metacentric height multiplied by 
the difierence between the versed sines of 12 degs. and 9 degs. 

12,000 tons X 8 feet x (-02185 — -01281) = 912 foot-tons. 

This result is unexpected and remarkable. One naturally expected 

VOL. y.^\*m. P 



the wnrk done ili tlie chsmlier would oxwtly vi\\ia\ the Inai of meli- 
coiitrio power J biu tlie above computation appears to show that Hi 
foot-tons in the waK^r ohtunber "wipe ont" no hm than 912 foot-wm 
iu the resse!. The writ«r is at a Jobs to acconat for tbia great dit- 
c:iei>ancy. Ho lintt endeaTonred to pertly awoant for it by consideiiiig 
that the metacentric height of 8 feet is eiceasive ; but as Mr. Watt* 
refers to the " Inflexible" as a vegsel with a metacentric height of "nbouf 
fi feut" no triflintr modification of this dimenBion will explain mattcm. 
lie has also looked at Canon Mosely's formula for dynamical stability, 
and noticed that the Canon measured the vertical distance between the 
ciiilnss of hiioyttnoy instead of the vertical (lifltance between the centres 
of iinivity i but in this direi*ion it is probable the discrepancy would 
ho increased mthcr than decreased. Neither is it possible to conceive 
that the momentum of 70 tons of water moving slowly in an opposite 
direction to that of the ship is sufficient to diminish, to any preat extent, 
the vcloi'ity fif a rolling vessel iKtssessed "f a period of Il-j seconds, and 
weighing 12.000 tons. 

There can be no question as to the acenrfloy of Mr. "Watta's experi- 
ments. They were carefully conducted by himself, assisted by naval 
oflicers and others ; and the angles of roll were taken automatically, and 
cheeked by batten olieervations. In addition to this Mr. R. K. Fronde's 
model experiment* confinned the accuracy of the sea ejcpei'imcnts. 

.Tiidi,'ed by tiiore ititiotil lift the rolliutr of the " Inflejibie" should 
have been redncod by about S per cent, instead of " by from 20 to 25 per 
cent." If the law of reduction were known it would be easy to bnild 
vessels to roll, and to fit motors to check rolling, but any attempt now 
to determine the suitable dimensions of a motor would be premature 
with our present limited knowledge of this snhject. We need more 
experimental knowledge, especially with vessels rolling through lar^ 
angles. It Is an easy matter to check vessels rolling throngh small angles, 
but extremely difficult to cope with large ones; and this will he nnder- 
stood by comparing the versed sines of several angles, thus :— 

Versed sine of 5 degs. = -00381. 1 Versed sine of 20 degs. = -06031. 
„ 10 „ =-01519. „ „ 25 „ =09869. 

„ 15 „ =-03407. I „ „ 30 „ =-13397. 

An angle of i> degs. = Jth an angle of 30 degs., but the versed sine 
of 5 degs. = ^th the versed sine of 80 degs. 

The inadequacy of water chambers to cope with lai^ angles of roll is 
referred to by Mr. Watts in his paper ; he writes as follows : — " These 
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carves" (extinction curves) "show clearly the great resisting effect of 
water chambers as compared with that of bilge keels and siuface friction 
of ship's bottom at comiMiratively small angles of rolling, while at large 
angles the bilge keel and surfiice friction resistance are the more effective. 
At 4 degs. the water chamber's resistance has almost reached its maxi- 
mam." On the same subject, and in the discussion on one of Mr. Watts's 
papers, Mr. E. E. Froude expresses the stime view, viz. :— "I think it 
probable that for small oscillations of the ship the balance chamber will 
have proportionately a much more quelling effect than for large oscilla- 
tions. It is possible that in a small seaway in which the vessel would 
roll a little that a balance chamber might be found of very large effect, 
and in a rough sea where the ship would roll a great deal, of small efiect." 

Thus, for large angles of roll, naval architects would appetir to depend 
on the resistance of large bilge keels to produce a steadying effect upon 
heavy rolling vessels, even when such vessels are fitted with water cham- 
bers for quelling small angles. Now, if mercury were as inexpensive as 
water, the writer would recommend the removal of bilge keels and all 
other external resistances to rolling, so that the whole work of arresting 
the gyratory motion of the ship should be accomplished inboard by a 
motor or motors that would give back the wave-energy in the form of 
useful work. But the cost of mercury precludes its use; and the dimen- 
sions of cylinders and pipes would therefore l)e so great compared to the 
power obtained as to prevent a full cargo l)eing carried except with imn 
ore. But with vessels engaged exclusively in Ciirrying ore, it is possible 
that motors might be fitted which in time of distress, such as Mr. Martell 
called attention to, might save the ship. 

•So far, attention has been directed to the original idea, Fig. 5, 
Plate X.; but Figs. G and 7, Plate XL, and Fig. «, Plate XII., show 
another form of motor attached to and working a lever with a large 
circnlar weight at its end. The work of the motor will be readily 
understood by noticing the relative positions of G, the centre of 
gravity of the ship and the centre of the circular weight. The 
work accomplished is lifting the weight, thereby diminishing the vessel's 
metacentric height, thereby reducing her rolling, etc. Instead of per- 
forming this useless work, pumps could be driven forcing water from the 
ship, and propelling her though but slowly as the ** Waterwitch " is pro- 
pelled; or air pumps might be employed to foi*ce air to every compartment 
of the ship, and to the furnaces. Instead of one motor several may be 
used; and the writer would, for several reasons, prefer to have at least 
two. 
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Fig. 9, Plate XII., represente a motnr to be used solely for redncing 
rolling. The cyliniiera in the centre of the ship are partly filled with 
wattT. bnt prcBainp on the siirfece of the water is air so deDse as to 
support the column of water reaching up to the spheres at the wings. 
In this form it is an improved Admiralty water chamber. It is an 
improvement In seveml ways. In the first place, the water ia more 
nnder cnnLroI, and its movements through the pipe and in the 
chaiuljers would Iw noiseless, one would think, comjmred t<» the 
violence of the wuter in the chambers of II.M.S. " Inflexible." In 
the second ydace, the action of the motor could be iiicroaseil or 
decvoascd instantly by the motion of a shiice valve, or ii cock placed 
anywhere between the sphere and the cylinder. In the third place, 
additional stability conld be given to a vessel at any moment by 
opening aii-cocks on tlie top of the cyliiiders. and (through the escape of 
the compressed air) altowine tlie water to fall from an upper to a lower 
level. This suggestion to give staliility needs explanation. Many exist- 
ing vessels are tender witii homogeneons cargoes, and unduly stiff with 
cargoes of iron ore. The motor, if used in the way suggested, would 
benefit the vessel in both conditions. 

In conclusion, the writer regrets liia inability to furnish records of 
experimente. Experiments might have been made, hut on reflection it 
appeared the better course to bring a subject of so great novelty Irefore the 
membereofthisTnstitution.and learn from theircriticism whether the prin- 
ciples the writer has endeavoured to establish are sound, and if so, in what 
way the motor, if thought desirable, may be rendci-ed suitable for service 
at sea. 



Disouasiox. 

Tlie PnisiDENT said tliis was the first time be had had the opportu- 
nity of looking at this paper, having just returned the previous morning 
after an absence of three weeks. It opened up a subject which was veiy 
interesting, a subject of more interesl, perhaps, to shipbuilders than 
engineei-s. There were a large nurater of shipbuilders in connection 
with this Institution, and it would be interesting tu hear their remarks 
upon the subject. It was certainly ingenious, and had clearly given 
Mr. Rowe a great deal of couBideration and thought for several years. 
They would be very glad to hear any remarks wliioh Lhey might have to 
make upon the pajwr. He believed Professor Garnett had come to the 
meeting that night by sf^ecial invitation. They would be glad to hear 
anything he Uiul to i>iiy on the subject. 



JL 



nisrusaiuN— A n'i:w wivk-iiotoii. U7 

Principal Garnett suid iia lie s^ioke ut tliu begmiiiug of the: (liscuKeiou, 
many peraona having greater knowledge of fchc subject than iie had would 
lie able to set the members right on ull the points ou wliith he mi|;ht 
tend to lead tbem wrong. He had to Liiank the President and Mr. Rowe 
for the opportunity of listening to this pajier. It ap[)eared to bim that it 
■ ipencdnp two or three very important questions.and questions well worthy 
of further couRidcralion. It was a little disappointing to hear from Mr. 
Howe, towards the end of his pai)er, that lie would liave to abandon the 
hope of pmpelling shi])S by the rolling motion on acxrouut uf the expense 
of the mercury. If there were no other difficulty than that, it would be 
quite worth while to incur the cost. It had been sii^csted that the 
wave-motor should be used us a scismoscope to register earth tremoi-s, 
but the kind of earth tremors which constitute earthquakes generally 
consist of cxceeilingly tiuy motions, seldom greater than the eighth part 
of an inch, the motion being rety i-apid, so that the whole vibration takes 
place in a fraction of a second. A vibration through an eighth of an 
inch was quite sufficient Romelimes to fracture a wall. Now, an instru- 
ment must act very promptly to register a motion of this s(irt, and he 
was afraid the wave-motor was too slow in its action to record anything 
about earthquakes. The mercury motor appeared to he very important 
for the firing of heavy gims, but when they considered the rolling motion 
of a ship occupying, perhaps, ten seconds, imd that one of the mercury 
chamlters must be emptied in something leas than five seconds, ami in 
some cases much less than that, for some vessels made U:u or twelve rolls 
in a minute, so that one of the chambers must he emptied in two and a 
half seconds, through a pipe hearing the same i-elatiun to the reservoir as 
that shown iu the figure, it must be obviong that the apparatus would 
never be anything like sufficiently prompt, and the whole action of a gun- 
firing apparatus requited absolute promptness, so that the mercury must 
exactly follow the ship as the ship rolled, For this purpose the tube 
should be almost of the same diameter as the reservoir, otherwise thei'e 
would be a very rapid motion in the pipes, and more pressure required to 
force the mercury through in the time than was available. If the work- 
ing of this apparatus required a hundredweight of mercury, with a 
chamber six inches iu diameter, there would be something tike 40 cwt. of 
mercury in the tube between the apparatus and the reservoir. The same 
considerations applied to the water-motor when employed to diminish 
the rotUng of ships which, when made sufficiently prompt, would resemble 
the Admiralty water chamhei-s. The noise which was complained of 
suemed to him to bt iucidcnlal to uiiy apimnitus by which the water 
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wimid be mnde lo move sufficiontly rapid lo damp the roiling ofa ship. 
The must iiuportaut praotical point in the ^mpei', he thoDglit, was tins 
question of ruducing the rolhng, but one uf the greatest questions was tu 
get power ont of the rolling of ships, and some of the calcuhitions in the 
paper appeai-ed to indicate lliat an uuormons amount of power wiis avail- 
able, and yet the exiieriments with the *' Inflexible " appeared to the 
writer's mind to be inconsistent with previous calculations. The first 
jioint to notice with regai-d to the determination of tlie energy in the 
lulling ship was that when the ship rolled through aometbiiig like 30 
dvgs. she must not Ix/ treated as a pendnlnm Ewingiug about the uieta- 
C(.'utrc. It led souietiuies to perfectly correct results ho long us the rolling 
was exceedingly small, but when the oBcillations amounted to several 
degrees it was very different, Ifasqutirc prism were flouting in a liquid of 
twice its density it was stable iu the position with the diagonal vertical 
when the metacentru was one-twelFth of the side above the centre of 
gra\'ity. Turned through 45 degs. so that a side is vertical, the mela- 
ccutrc ia one-twelfth of the aide below the centre of gravity and the priam 
unstable. During the roll of -15 dega. the mutjicentre moved from the 
point aliove the centre of gravity to an equal distance below, and it wonld 
be fallacious to treat the rolling as though the raetacentre remained 
stationary and the prism swung about it. The same thing was true in 
a ship. In tlii> case of the " Loi'd Warden " the energy of rolling might 
be li-ss than that calculated in the iKipcr, liut assuming tliat when she has 
rolled through .^0 di'ga. from tiie \ertical she waa very near the point of 
being unstable, there would still be eonsidci-ably more than I MM lioree- 
jiowcr available fmni the rolling of anch a ship if the rt«l of the rcBBoning 
in the paper was corn-ct ; but the main fallacy lay in the conftision between 
Uio power i-etiuii-ed to protitut: the rolling of the «hip and the power 
rcqnii'ed to minnhtin the rolling of the ship. Suppose a ship to be roll- 
ing in water with no friction or ri'siatauce of any kind ; when once set 
rolling she would toll on for ever, requiring no power to maintain her. 
Tliey might phicc a ship in stili water and by men running across the 
4(ck gtt ft considerable roll. Supposing the ship was set rolling through 
U 3^9. or 1« degs. and the v«rga perfectly stationary in the ship, the 
*W«a waU gwdnnlly reduoe the rolling, and having rollod through 18 
"1 nob roll through, say, 1 4 degs., and the nest roll would 



"w^ ~~^ VI if^the neit 9 degs., and so on. imd the vibration would 
" *^^*iwAwBA in something tike geometiioal |>n>gres8ion by the 
ijjcLL -^^ Iwlwt. Now, wliftt was required to maintain the 
0ny'''''''K^^^Hitalto^b' 18 de^.'i- In making one roll the 
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amplitade was rednced from 18 degs. tx) 14 degs., and the difference 
of energy corresponding to these two swings gives the energy wasted 
by resistance during the roll. By a method of this kind the 
energy required to maintain the ship rolling throngh 18 degs. 
may be determined. The figures given in the paper for the 
"Inflexible" indicated something of what the result would be. To 
keep the ship rolling 18 degs. a certain amount of power would be 
communicated by the waves when they struck. If from the enei^ so 
communicated something like 175 foot-tons were abstracted by the wattt* 
chamber, the rolling was reduced from 18 d^^. to three-quarters of that 
amount, or to 13i degs. That reduced the energy of rolling down to 
something a little more than one -half. They took away about 44 per 
cent, of the energy of the rolling. This seemed to him the state of 
affairs, that when the "Inflexible" was rolling through l.S| degs. the 
blows of the waves were just capable of maintaining this and of doing the 
175 foot-tons of work besides, which was done in making the water in 
the water chambers rush to and fro. Without the water chambers the 
waves would have maintained a roll through 18 degs., so that an idea 
could be got of the amount of power required to maintain the rolling. 
If any ship could be started from rest and rolled 30 degs. by one wave, 
and the ship stopped and again rolled over 80 degs., and this done time 
after time, something like the power Mr. Rowe had calculated would be 
obtained for the rolling of the " Lord Warden," but if the action of the 
waves was only to maintain the rolling against the fluid friction the 
results obtained would be similar to those deduced from the " Inflexible," 
and there would be available something like 100 horse-power instead 
of the amount calculated in the paper. It would then be necessary 
to introduce more power to propel the ship, and the question arose 
whether it was worth while to introduce extra machinery to secure the 
wave-power. There was one other point to notice. It was stated that 
water chambers were efficient in reducing rolling when the oscillations 
are small, and that bilge rolls were more efficient in stronger seas. The 
action of the water chambers was proportional to the distance through 
which the centre of gravity of the water was raised. The action of bilge 
rolls and the like, whose action depends upon the resistance of the water 
to the rolls passing through it, increased at a very high ratio with the 
speed of rolling, so that a small roll would not be much affected, but a 
double roll would be resisted to more than four times the amount, and 
might then exceed altogether the effect of the water chambers. 
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Mr. J. Wallau wished to imtku n vary few remarks to corrobo- 
rate wliat Professor Gamutt hod said, lb was nob a difficult thing to 
calculate approsimately what resistance the water offered to a ship rolling 
through a ceitain angle. This amount of resistance was the power put 
into the ship by the waves at every oscillation — there were no two 
opinions about that. Suppose a ship got into a regular roll of so many 
degrees, there was a certain amount of resistance by the water, principally 
friction ; this conld be calcnlated, iitid waa the power which was put into 
the ship by tlie waves every time a roil twk place. Of conrse, as Pro- 
fessor Garnett had pointed out, this was a very much less power than 
would be necessary to put the whole motion into the vessel at once, as the 
rolling did not take place suddenly, but gradually. There was an other 
consideration, viz, : the rolling of the ship could not he used in fine 
weather, and therefore conld not be depended upon. He had no doubt if 
the matter was gone into iL would be found that the power was too small, 
otherwise, as the problem was simple and old, it would have been long 
since satisfactorily solved ; but he was afraid there was only one solution 
— the wave-power was of no use on board ship. At the same time it was a 
very interesting problem, and well worthy of discussion, and no doabt 
they were much obliged to Mr, Rowe for laying it before the Institution 
to solve the apparent incongruities which he had pointed out— why 
so small a power iu the water chamber seemed to produce so great a 
nHlnctiou in the power of rolling, according to Mr. Howe's theory. 
Everyone knew how very little iK)wer it took to set n pendulum gradanlly- 
in motion, and how long it would move afterwards. In the iKindtilnm 
they had the friction in the fulcrum and the friction of the air to over- 
come ; but practically it was the same problem. He remembered many 
years ago Professor Rankine coinpiired the pendulum with wave motion, 
and he made out that the two were very nearly related. The whole 
subject was to some extent new to him (Mr. Wallau), and ho had 
only been able to note what Mr. Eowe said that night. 

Mr. Taylor nnderstond Fig. 6, Plate XL, represented a vessel in the 
upright position whilst rolling amongst waves, and Figs. 7 and 8, Plate 
XI. and XII., the same vcbbcI in inclined positions. He noticed that as 
the Tesscl rolls the liquid moves with, bnt &stcr than the ship, and to 
the lowest side of the shiji, thus tending to incline the vessel farther than the 
effective wave slope would take her, and the vessel is to the same extent 
retai'ded in rising from the inclined position, so that whatever the effect 
of the liquid may be it does not reduce the roiling. 
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Mr. Stibzaker said, what Mr. Taylor had just stated, he (Mr. 
Stirzaker) was inclined to think was wrong. Mr. Taylor said that the 
mercury as it fell down the pipe into the vessel assisted the listing of 
the ship just as much as it retarded the rolling. He did net think that 
was so, for if he understood the principle of the water chambers of ships, 
it was that the water lagged behind the ship as it rolled, and thus 
arrested the rolling. 

Mr. Taylor — This is not a water chamber. 

Mr. Stirzaker — No ; but it acted in the same manner. Water lagged 
behind as the ship rolled, and when the ship began to right itself again 
the water was lifted, and was thus doing more work in retarding than 
in assisting the roll. In that respect he quite agreed with Mr. Rowe's 
arguments, but in other parts of the paper, where he spoke of the roll of 
the ship performing an amount of work proportional to the versed sine of 
the angle of a supposed pendulum suspended at the metacentre, and of a 
length equal to the metacentric height, he did not at all agree with him. 
Professor Garnett had pointed out the error of that supposition. 

Mr. Taylor, by way of explanation, said if the pipes were as large as 
the reservoir the material might run down and fill the reservoir before the 
ship reached the greatest angle of heel ; but if they were small this 
would not happen, and the friction would be great : in that way the 
liquid would be retarded, and only to that extent could the ship's rolling be 
arrested. Fig. 6, Plate XT., showed that the liquid moves uniformly with 
and as quickly as the ship in the upright position, aud from Figs. 7 and 8, 
Plates XI. and XII., it would be seen the side reservoirs and pipes 
are so proportioned that the low side reservoir is filled before or as the 
vessel reaches its greatest angle of heel, therefore the liquid must come 
to rest before or when the vessel reaches its gi-eatest angle of heel, 
and it can have no motion when the vessel is at its greatest angle of heel, 
and consequently it does not act as a water chamber, or retard the roll 
in the manner water chambers are said to act. He begged leave to reserve 
any further remarks he might wish to make till the next general meeting. 

The President said the discussion would stand adjourned. He 
also desired to express their indebtedness to Professor Garnett for 
coming to the meeting to assist in the discussion. He had thrown very 
great light upon the subject, and spoken in a way cleai* and lucid to 
everyone of them. 

The discussion was adjourned till the 14th of January. 
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N0RTH-BAJ3T COAST INSTITUTION OF ENGINEERS AND 

SHIPBUILDERS. 



Fifth Session, 1888-89. 



PROCEEDINGS. 



FIFTH GENERAL MEETING OF THE SESSION, HELD IN THE LECTURE 
HALL OF THE LITERARY AND PHILOSOPHICAL SOCIETY, 
NEWCASTLE-UPON-TYNE, ON MONDAY EVENING, JANUARY 
14Tn, 1889. 



H. MACOLL, Esq., Vicb-Pbesident, in the Chaib. 



The Secbetaby read the minutes of the preceding General Meeting 
held in Newcastle-upon-Tyne, on December 17th, 1888, which were 
approved by the members present, and signed by the Vice-President. 

The ballot for new members having been taken, the Vice-President 
appointed Messrs. H. Charlton and A. Scholefield to examine the voting 
papers, and the following gentlemen were declared elected :— 

MEMBERS. 

Abey, Henry, 41, Milton Road, West Hartlepool. 

Archbold, Joseph 0., Messrs. E. Scott &. Co., Close, Newcastle -on -Tyne. 

Feldtmann, H., Bergen, Norway. 

Joicey, Jacob (1., Forth Banks West Factory, Ncwcastle-on-Tyne. 

Sowter, Isaac G., 867, East Congress Street, Detroit, Michigan, United States of 

America. 
Tinwell, George, General (Gordon Terrace, Sunderland. 

ASSOCIATES. 

Crowther, Joseph, Dispensary liane, Newcastle-on-Tync. 

Dodds, A. P., 13, Dean Street, Newcastle-on-Tyne. 

Garnett, William, The Durham College of Science, Newcastle-on-Tyne. 

Mawson, Rowland, Bank Chambers, Qoay, Newcastle-on-Tyne. 

Seaman, C. J., 19, Willington Street, Stockton-on-Tees. 
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VISIT OF THE BRITISH ASSOCIATION. 

The ViCB-PBEsroENT said they had received a letter from the 
Preeideut of the Mechanical Section (G) of the British Association, and 
perhaps it would be as well for the Secretary to read it. 

Lbbnei HoniE, Ebith, Kb.vi, 

Janvnry Itf. 18S9. 
John Dcpkitt, Esq., 4, St. Nicholns' Buildings Wert, 

Nevrcutls-oa-Tpie. 
Ub*k Sib,— The Coancil of tho Hritisb Aesocintiou hw dnne me t!ic hotionr ol 
elsctiiig me Preiident n{ the Mcolianical Section (0) for tho meetiDg to be held at 
NoffcMtle next ftatumn, 1 am aniiuus to eiabod; in inj tddress aa much matter 
■peciolly intercating 111 the Incal industriea m I c^■n; I should, therefore, feel much 
obliged if ;ou could let me hsve ik copj of tlie Report of the Connell of the Nnrth-EMt 
Comt liiatitution on the Horse-power of Moriae Engines, aud any other papers that 
ma; be of special interest. Ma; I also venture to hope that yon will aid me in getting 
some good jiajjers from local men on Marine Engines and Shipbuilding. 

I renuun, truly youra, 

W. ANDERSON. 

Mr. J. DuCKiTT (Secretary) said he had sent to Mr. Anderson a copy 
of the Horse-pfjwer Report and also a copy of their present President's 
Address. The only nmtter for those present was whether they would be 
inclined to prepare papers either on marine engineering or shipbuilding 
to read at the meeting of the British Association. 

The ViCE-PRB8iDENT explained that this letter was before the Connoil 
at their last meeting, and seeing that they yet required a paper for the 
current session of the Institution, they thought it better to lay this 
before the General Meeting, so that if, after serving themselves, they 
could possibly assist the Association in Newcastle it would be a very good 
thing, and the Secretary would be very glad to hear from any of the 
members inclined to cuntnbut« a paper or a series of statistics which 
might be interesting to the meeting. The matter was meanwhile leil in 
the hands of the individual members of the Institntion, 



The adjowrued disctission on Mr. J. A. Howe's paper " On a New 
Wave-Motor" was resumed by Mr. Alex, Taylor, after which Mr, G. 
Bergstrfim'a paper "On the Stmctural Strength of Cargo SteamerB" 
was read. 




DiscuaeiOH — a new wave-motou. 



ADJOURNED DISCDSSION ON MR. J. A. ROWE'S PAPER ON 
A NEW WAVE-MOTOR. 



Mr. Alex. Taylor said, he was ejtremelj obliged to Mr, Rowe for 
his paper on wave -mo tore. To him it was an entirely new subject, anil 
he bad been conBtrained tu etudj it as fullj' aa opportunity permitted. 
Mr. Rowe nsed the vereed sine of the angle of heel ub a measiii'e of tiie 
TeBBel'B righting power. It could only be correct for a vesgel of circular 
cross sections, iu which the relative positiotis of the centre of bnoyancj 
and metaceatre were constant fur all angles of heel, for the ordinary 
form of ship this method must be untrue except for very smal! angles. 
The only clear way iu his opinion was to conceive of the centre of 
buoyancy and centre of gravity us each in ila own horiaontal plane, free 
to move up or down, then the difference iu height between these planes 
at various angles of heel would be a true measure of the righting power. 
Therefore the work done was not as the versed sine of tlie angle of roll, 
but was in reality the product of the difference between the planes in 
the upright and inclined positions into the displacement of the vessel. 
There was another point he would like tii say something about, and he 
had great hesitation in referring to it, for he was not pertectly sure in 
his own mind that be was right, and he was afraid of making a grave 
mistake as he knew so little about the subject. It was this : — he under- 
stood Professor Garnett to say that the serious mistake in the paper was 
in supposing that the vessel's roll would give power equal t« the product 
of the displacement into the increased vertical distances of the centre of 
buoyanoy below the centre of gravity, and that instead of this being 
correct all the force require<l to keep the vessel's rolling to any given 
angle was the force necessary to uvercome the tiiction of the water, or 
words to that ettect. This might l)e correct for a vessel rolling in smooth 
water, but he (Mr. Taylor) scai-cely thought it correct when applied to a 
ship rolling amongst waves. If Dhey. for the sake of argument, sup- 



nlSCTKSION — t XBW Wlf-K-lE<m«. 



mwd ihr itkrtch here pven to represent the effectire irare, and Lbat the 
ic ei) proportioned thai it atwajs kejH dottdbI to the effective 




I tketclied, then bbis Yceset wae relatively at rest to the 
I'mre nnd wonld continue to roll, that ia keep aorinal to Die 
I for ever; but if Mr, Rowe'8 wave-motor was pat is action, the 
1 would always be foond at the low side, tending to heel the vessel 
"farther over, while the wave would equally endeavour to keep the vessel 
unrinnl to it« ofTectivo surface. If that shonld be eo then &tr. Kowe's 
nMohinn would not bo dependent for power npon the friction of the water 
oil llir vi.'fwwI'M hull, liiil, would be, able to develop power in proportion to 
kh» weight Dsed and the distance it was lifted. To come to Figs. 6, 7, 
Mu) 8, Plates XI. and XII., and remember that in looking at theae 
tttl^t**l»i ^^'^y ^B'Q looking at a vessel rolling amongst waves, and that 
fttt, tt In upright either in the trough or on the crest of the wavci Mr. 
Hnwv Hpimi'OMtly considered that the liquid would be exactly eqnal on 
<NM>h tldtt of Uie ahip at that moment. How this equality was got he (Mr. 
THjrliuri wwi not in a position to say, but simply accepted the fact that 
Uw \i\\\\\\\ wu equally distributed on each side of the centre line of the 
ywn>), *n»l tlioroforo the centre of gravity of the liquid must be in the 
vwti^H^ I'wHind ptiiuo of the ship, but when the vessel rolled over, say into 
Uw (itvMtittiu kIiowu on Figs. 7 and 8, apparently the liquid had gone 
*i*h Iml l*»»l»r ihuH thti ship and filled the chambers on the low aide and 
)4>tv<ti<,'wl^<i t'(H)4Jml (h(i ono on the top side. The result was that as the 
VVMM') ttv>4>k«l s'Ytiv llh< weights also travelled over to the low side and 
thMVH^v ukU«l tMVi> H» opuelling tendency, and he supposed this to be 
i,hv Kiw Uv, K».>wv rtuhmvvmrtid to grasp and use. 
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Mr. R. L. Wbighton said, that unlike his friend Mr. Taylor, he had 
foand that Christmas and New Year times wera not conducive to study, 
and he must confess he had not gone through this subject as Mr. Taylor 
had done. He rose simply in order to support the views which were 
expressed by Professor Garnett. He thought Mr. Taylor must have mis- 
understood what Professor Garnett said. He was confounding the 
weight of the ship with the weight of the mercury or other acting 
fluid in the motor. Mr. Rowe calculated that there could be 3,000 
horse-power exerted upon a ship because the ship lay at different angles, 
but if they considered a little they would see that the figure 3,000 horse- 
power was arrived at by taking the weight of the ship into account. It 
was supposed the ship was Ufted a certain amount each half roll, but the 
ship did not need to be lifted at all in order to obtain work from the motor; 
it was sufficient that the ship should be simply slanted over. In order to 
show that the method adopted in the paper on page 108, for calculating 
the work exerted by the water on a rolling ship was fallacious, it had just 
occurred to him that the case of an ordinary clock pendulum might be 
taken as an illustration. Of course he did not assume that for all purposes 
a rolling ship could be compared to a swinging pendulum, but for the 
purpose of work-calculation they could certainly be compared. Assume 
a second's pendulum with a bob, say of 8 lbs., and swinging through an 
angle having a versed sine of, say quarter of an inch, and driven by a weight, 
say of 30 lbs., which descends during a week through 4 feet. These figures 
here assumed were simply approximations, but any error will not materially 
affect the point illustrated. Calculating according to the method on 
page 108, we have the work done at the pendulum in one week — 

3 X -25 X 60 X 60 X 24 X 7 ^„ ^ ^ ^ 
= j9 = 87,800 foot-pounds. 

The source of this work can only be the descending weight which, 
during one week, has performed work = 30 x 4 = 120 foot-pounds. Now, 
the amount of work expended on the pendulum cannot possibly exceed 
that due to the falling weight, in point of fact it will be much less owing 
to friction of mechanism, etc. But this method of calculation shows the 
work to be over 300 times greater than that due to the source of the 
work. The fallacy lies in ignoring the inertia of matter. When once the 
pendulum is started to swing very little power is required to keep it 
swinging. And so with the ship — a very considerable power is required 
first to heel the ship, but after she is once heeled she will continue rolling 
from side to side for some time without any additional work being 
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expended upon her. There was certamlj work to be got from a rollinj^ 
ship, but the possible itmount of it was not hy nnj means so great as 
shown by the calciilfttion in the paper. 

Mr. Tatlor asked to be allowed a few words of explanation. He 
quite agreed with all Mr. Weightou said about the action of a pendulnm, 
but, when he referred to the horae-power, he (Mr. Taylor) did not aay 
they would get that out of Mr. Howe's machine, but, Mr. Rowe said bo 
in bis paper. Here was a quotation from Rankine: — "The permanent 
rolling of a ship of very great stability and little keel resistance, ia 
governed by the motion of the effective wave surface, so that she rolls 
witA Oie waves or like a raft." Now, Fig. 4, Plate IX., may be taken as 
a vessel of great stability as it has (i feet metacentric height, and therefore 
would go with the eflective wave dapo whm oil ipeifffitaarejixsd,a;a<l'vb&t 
he wished to say was that when the vessel rolled with the waves and 
Mr. Howe's maebiue was put in action, the loose or movable liquid in the 
motor would go down to the lowest point, and that if it moved thus 
there must be power developed, and this power was not dependent on 
ship friction, but on the contained movable liquid and its range. If the 
machine contained sufliaieiit movable liquid, and this liquid had sufficient 
range, any horse-power might be developed; although Mr. Howe's paper 
did not make it cleai' to him where or how he was going to grasp use- 
fully one horse-power. It is a well-known fact that as the metacentric 
height is increased the vessel's period of roll is reduced, and that as a 
pendulum is lengthened its period is increased ; tbese facta destroy all 
comparison between pendulums and metoceDtnc heights. But, he thought, 
if instead of the metacentric height the distance between the centre of 
buoyancy and centre of gravity was used a correct comparison might 
be made. 

Mr. Wbighton remarked, that was exactly what he had said — the 
power exerted by any such motor was due to the loose weights in the 
ship, i.e., to the mercury on the motor and not to the weight of tiie 
ship. 

Mr. Howe said, from what they had listened to it was evident the 
subject bad been found a somewhat difficult one. He was not surprised 
at it. Many practical friends bad assured him that it was impossible to 
obtain mechanical power from a rolling ship by any apparatus carried in 
the ship. It waa as impossible as to lift one's self by tliu handle of n 
basket in which one sat, " It was easy to criticise, but difficult to create." 
He was much obliged to his friends who had frankly oflfered their opinions, 
His only desire was to call attention to what seemed to liim a novel and 
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important problem, and to hear from men — some of them more capable 
than himself — their views as to its practical utility. He was not surprised 
at finding himself as it were at bay. His critics had seemingly over- 
looked the ijitereating problem described in Fig. 5, Plate X,, and fastened 
tenaciously npon the apparent discrepancy between the power put into a 
ship and the power procurable fi'om her, a discrepancy which he himself 
bad called attention to. To show that he was not snrprlBed at the 
practical condemnation of the motor tapi'opel sLips he would qnote the 
substance of a letter written by him about ten months ago to an eminent 
shipbuilder. After explaining the gun-firing apparatus, he proceeded 
thus : — " Although from his calculations it seemed to follow that if a 
vessel possessed of great metacentric height were kept broadside to the 
waves she could be made to propel herself across the Atlantic by the 
power of her rolling, he looked npon the scheme as a scientific curiosity 
rather than as one capable of practical solution." The power conld only 
be realised in stormy weather and steering certain courses, hence ita little 
value as a propelling force. 

He did not quite grasp the misunderstanding between Mr. Weighton 
and Mr. Taylor, but he asked Mr. Weighton to remember that the power 
of the motor was derived from the weight of water lifted. And to obtain 
great power several hundred tons of water would be necessary ; and to 
carry sa/eli/ a huge quantity of free water a very heavy ship must be 
provided. Hence it was not incorrect to say that the power varied as the 
tonnage of the ship. 

He begged to thank Mr. Taylor for the trouble he had taken to 
master the subject ; but he felt that if he replied to Professor Garnett he 
would in effect reply to all his critics. Professor Garnett, with consider- 
able fluency and animated gesture, hod made a speech which their esteemed 
President had referred to us a Incid one. The speech was, in his opinion, 
like most other speeches, partly lucid, partly turbid. In the first place, 
it is probable that the men-of-war to which his gun-firing apparatus 
would be fitteil to discbarge 110 ton guns (if ever it were fitted) would 
be vessels having a rolling period twice as great as mentioned by Professor 
Gamett. The small cylinder, thereforei would not require to be emptied 
once in every two and a half seconds, bnt once in ten seconds j and the 
number of rolls per minute would not he ten or twelve, bnt five or six. 
He merely mentioned these discrepancies to show how exceedingly easy it 
was to criticise. Again, Professor Garnett said, " If the working of this 
apparatus " (the gnu-firing apparatus) " required 1 owt. of mercury with 
a e-iuch diameter chamber, there would be something like 40 cwt. of 
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mercary in the tabu between the apparatus and ihe reservoir." Wdl, 
Lliere was no time to teat the accuracy of Professor Oaraett's fignies, 
neither was there any need to do so, because he had conatrncted a Ml 
size gun-firing apparatus, and tested it ; the pipe being altont two-tfairda 
the diameter of the cyUnder. The pipe held oonsiderably less than SO 
I'fiunds of mercury, not 40 cwt. x 112 lbs. = 4,480 lbs. The whole 
apparatus complete, ready for fitting on board ship, could be easily carried 
under the arm so far as weight was concerned. The foregoing indicated 
a turbid stat* of mind. Coming to the rolling of Ihe heavy man-of-war, 
Professor Garnett's views were escellunt, and huMihj explained what he 
himself wished to bring forward, viz., " If any ship could be sUtrted from 
rest, and rolled 30 degs. by one wave, and the ship stopped, and again 
rolled over Su degs., and this done time al^r time, something like the 
jxiwer Mr. Rowe had calculated would be obtaiued." But Professor 
Garnett proceeded to say that in reality the horse-power available from 
such a ship would be 100 instead of D,i>00. N^ow he wished it to be 
remembered that he never proposed to exhaust the full measnreofaBhip's 
stability: to do so wonld lead to capsizing the vesseL The 3,000 horse- 
power was obtained by using the preposition " if" as Professor Qarnett 
had used it in the calculation of the weight of mercury, //'each sncoes* 
sive wave heeled the sliip through 30 degs,, from which with a motor in 
use she slowly recovered, then, in a snitably shaped vessel the horao-power 
referred to would be obtained. IIo did not think this action represented 
what wonld really tttke place at sea. In his opinion the vessel would roll 
to (wrt and to starboard, but at reduced angles, under motor influence ; 
and the influence of a motor would coincide with the effect prodnced by 
raising a vessel's centre of gravity. He and Professor Garnett appeared 
to be viewing two diflerent sets of physical conditions. lie was in the 
centre of an Atlantic storm, on board a vessel nearly circular in section, 
b(W the style of old French war-ships (not prismatic shaped nor saucer- 
like), rolling hroadside-ou among waves 50 feet high from hollow to crest, 
mid iwBsessed of a period just double that of the ship's. In his opinion, 
a motor containing 500 tons of movable water would exert its power 
through at least the angle of the wave slope, viz., 9 degs. The horse- 
power from such a motor, assuming the vessel's period to Ik the same 
n*. the " Lord Warden," would be — 

— ^sm = '" °"* 

In tliis calculation he had taken the whole beam of the ship. Now, 
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Profesaor Garnett, viewing, as it seemed to him, entirely different phe- 
nomena, naturally arrived »t a different result. Inatend of the " Lord 
Warden's" period of o BeoomlB, ProfeBBor Gamett evidently used the 
period of the '" Inflexible," lO'T aeconds. Instead of fnriuua storm waves, 
Professor Gamett was evidently contemplating waves so moderate in 
dimensions that fliud friction was admitted to be a powerful factor to 
rednce rolhng. In his opinion the resistance offered to rolling by the 
fluid pressure against the ship's hull would be insignificant in amonnt 
when compared to the energy uf storm waves producing rolling motion. 
In tlie term " fluid pressure " he did not include the wave-making efforts 
of the vessel's shnnldera. Professor Garnett's views of tlie rate of ex- 
tinction of rolling (diagrams of which, with full explanation, could be 
found in Mr. W. H. White's boolc on "Naval Architect ni-e," and in Mr. 
Watt's papers alre^idy referred to) clearly proved that his mind was fixed 
upon slill-water experiments. 

With regard to an aspect of the question raised by Mr. Alexander 
Taylor, his answer to any critic who (confused by the relative motions of 
the ship and the water) declared that the water assisted, as much as it 
retarded, rolling, was that — If on board ship any kind of apparatus were 
fitted to lift one pound weight through & height of one foot, tho perform- 
ance of that work, the exhaustion of a foot-pound, obtained through the 
rolling of the ship, would reduce her rolling. This was a simple and 
dear mode of lookiug upon the problem, and he hoped it would not be 
forgotten. Something cannot be obtained from nothing. 

Referring to Fig. 4, Plate IX., he called attention to the triangles, or 
wedges, of immersion and emersion. Xi was the centre of gravity of the 
port wedge ; Y, was the centre of gravity of the starboard wedge. The 
position of the vtssel's centre uf buoyancy B, was determined by the 
transfer of the port wedue to the starboard side, and tho centre of gravity 
of this wedge of buoyancy was moved through a distance of about two- 
thirds the vessel's beam. A vertical hne drawn through the centre of 
buoyancy Bi, intersected the centre line of ship at M, and G Z was the 
righting arm, whilst G M wag the metacentric height. Now, it had been 
shown that in a given vessel tho rolling period increased (the rolling 
became easier) the smaller the metacentric height. Let them in Fig. 4, 
Plrtte IX., aupfiose the starboard wedge to be impaired by an indent, 
shown in shaded hues from to P, what wonld follow ? The new centre 
of gravity of the starboard wedge would be found somewhere to the left 
of its old [wsition, as at Y,. and the corresponding centre of buoyancy of 
the ship would he also to the left of the old position, as at B,, A vertical 
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bnc ihrongh B» JnteraecCing the centre line of ship m M, wonld give % 
reduced righting-arm (i Z, and a redocod roetaoentric height G M,. Th* 
oDtGi-me f'f this woaJd be a greater rolling period; and, in oider ki 
increase the period and reduce the angle of the roll, he mggeeiei the 
chambere shown in Figs. 10 and 1 1, Plal€ 5III. These chambere woald 
reduce a vesBel'a metacentric height in the way explained : they also im- 
posed norfc np^iQ the ship as she lifWid the chambers above the level of 
the water. 

He hoped that the outcome of the paper would be a Etimnlns to the 
elndj of the nBe of free water on board ahip. His own tnvestigBtionfl 
began through hfs gun-firing apparatus— they were entirely independent 
of the work ah^^y done by the Admiralty, and were, he believed, original. 
He was, however, glad to know that his views were in accordance with 
the results obtained by Mr. P. Watt and Mr. Froude in their experiments 
on men-of-war and on models. 

No donbt members of the Institation were aware tJiat eminent anthori- 
Lies differed on this question of the Ufle of free water on board ship to 
reduce rolling. Mr. B. Uartell, of Lloyd's, speaking with » knowledge 
that his words would have great weight among Bbipowaers and shjp- 
bnilders, said : — " I should be very sorry for it to go abroad that, although 
we might approve it for purposes for which it is intended, snch as the 
case of war-ships, that it could be adopted lor merchant ships in general. 
At the same time I may say that for some vessels I almost wish it 
could be." 

Mr. Martell's cure for the evils of exceaaive rolling was to pay great 
attention to proportion of beam to depth, and be careful in the stowage 
of cargo. 

Mr, W. Denny's comment upon the above was as follows r — "While 
taking Mr. Martell's caution to heart, let not the idea go forth that we 
are unable in the mercantile marine to give eBect to the admirable work 
of Mr. Watt and hia friend Mr. Froude." 

Mr. E. E. Froude's views were admirably explained in the following 
paragraph : — " In reference to Mr. Watt's Buggestioii that water chambers 
might be applied more extensively to ships so as almost to do away with 
rolling altogether, I should like to point out that tbere is one very hope- 
ful feature about the idea In oomparison with the attempt to do the same 
thing by putting hirge hilge-keels. In attempting to diminish the rolling 
largely by means nf adding to the bilge-keels, in proportion ua the first 
additions you make to the biige-keels are effective in reducing the rolling 
Che effect of the subsequent additions is diminished, because the efficiency 
of bilge-keels largely depends npon the angle of rolling. On the other 
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hand, every additional foot of aggregate length of balanced chamber 
along the ship adds n practically e<jual amount to the extinction, and 
takes an eqoal amount off the rolling. I think that ia a very hopeful 
featnre," 

Mr, Phillip Watts, the author of the paper quoted, was very clear and 
positive on the matter. He said; — " Mr. Martel! told us of a ship which 
rolled ao eicessively that she ' fairly rolled herself to pieces.' I think he 
will agree that if she had been fitted with suitably shaped water chambere 
she would have behaved very differently, and would doubtlessly have been 
afloat at tbc present time. I think water chambers might be ^tted with 
advantage in all ordinary ships that are deep rollers, and where it is im- 
portant to reduce rolling ; and I thiuk it would be found that in such 
cases they conld \ie introduced to a sufficient extent without danger to 
the ship." 

It would thus appear that the balance of opinion was in favour of the 
UBC of water chambers. Having thus grouped together the opinions of 
the ablest scientific authorities ou this interesting subject, and answered 
hia critics in a way that he hoped gave peace of mind, he begged to thank 
those present for the friendly maimer in which they had listened to his 
attempt to throw light upon a problem that had cost him much trouble, 
much thought, and c^juaidcrablc loas of time. To some extent he had 
been repaid by the knowledge that the paper had been felt as a boon by 
many. It had certainly been the meana of instructing himself, and the 
knowledge he had gained wonld, he believed, be inatrnmental in enabling 
him sooner or later to perfect the gun-firing apparatus, which he hoped 
would add enormously to the power of the Britiah fleet. 

The Vice-President said, it seemed to him that they had only 
touched the fringe of a very important subject, and seeing the great 
difference of opinion there was in the matter it required a great deal of 
thought and consideration to get at the bottom of it. He thought they 
were very much indebted to Mr. Rowe for bringiiig the matter before 
them in auch a very clear and intelligent manner. And, so far as the 
discussion had gone, he waa rather doubtful whether Mi-. Rowe had not 
been materially assisted in hia pruiaeworthy attempt to utilise a portion' 
of the power developed by the rolling of ships amongst waves. The 
aspect of the subject presented by Mr. Rowe was no doubt somewhat 
novel, and it was to be hoped the subject would not reat there, but that 
it would be further considered and if poaaible ej(()erimented on, so 
arrive at a practical solution of the matter. He was sure they would all 
cordially accord Mr, Rowe a very heaity vote of thanks for his able paper. 

The proposal was cordially adopted. 



I 



BTBUCXUUAL STUEKQTU OF CA£GO STEAUEBS. 
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The writer's intention in this paper is to lay before this Institution the 
results of a few calculations of longitudinal strains, compiled from the 
plans and data of a recently-hnilt steamer. 

The steamer in qnestiou was conetriicted and bnilt by Messrs. El. Withy 
& Co., of West Hartlepool, a few yeare ago. She is of the well-deck type, 
on the web-frame system, with cellular bottom fore and aft, as shown 
on Fig. 1, Plate XIV. 

The following are her dimensions, etc. : — Length between perpen- 
dicnlars, 290 feet; beam extreme, 38 fuet; depth (fi-om top of keel to top 
of beam) in length to main deck, 12-65, to quarter deck, 1(J'58, and to 
bridge deck, 9'77. She has a load displacement of 1,940 tons on a mean 
draft of 20 feet 11^ inches, and carries about 8,250 tons of cargo, 
exclusive of 31i) tons of bunkei-s She is built of steel and iron to 
Lloyd's highest class. 

The strains to which a ship floating in water becomes subject in con- 
sequence of the nnei|uai distribution of weights and buoyancy — which 
we can say esista in all ships more or less — may be divided in three 
classcB, viz.: — 

1st. — Still water strains. 
2nd. — Strains when on a wave crest. 
3rd. — Strains when on a wave hollow. 

Bach of these are again divided into two classes: — First, strains 
caused by the unsupported portions of a sliip tending to drop or shear 
vertically ; and secondly, those which tend to alter a ship's longitudinal 
shape, by bending her, resulting in breaking the ship across : the former 
are called shearing or racking strains or forces, and the latter, bending 
strains or moments. 

Knowing therefore the amount, directions, and applications of ail 
these vertical forces it is by simple mathematical methods possible to 
calcnlatu the straining eflect at any transverse section. 
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Again : a oraplncal method is applied to represeot and illnslrate 
these operations and resales. 

The writer will now try briefly to explain the rariona diagrams 
referring to the strains of the above-mentioned steamer. 

As already said, sheisof the well-deck type, and in Fig. 1. Plate XIV., 
and Fig. 2, Plate XV., is shown the main features of her construction. 

Before going farther it may l« mentioned tliat in calculating the 
moments of resistance, those of the scantlings which are of iron were 
treated as steel of equivalent rule-size or area. Whether in so doing, 
the wril*r imdervalned the material or not, he does not intend to prove 
in this paper, but hopes on a future occaeion to be able to show some 
data to that effect. For all pi'actieat purposes the difference is slight, 
uiid may l)e ignored. 

If we now refer to Fig. 8, Plate XIV., we find bk curves or diagrams, 
more or less continuous, A curve represents the light weight of the 
ship, and by the irregular shape of the same it wiU be readily seen how 
the different parts which contribute to make up the light weight are 
distributed, the most prominent parts being in the engine i-oom space. 
The value and shape of this curve was arrived at by working out the 
weight of the s'jip per foot of length. 

It will be understood that to get an exact shape of sucli a curve or 
diagram as A in almost impossible. 

The next curve in order ia B, and represents the light weight dis- 
placement or buoyancy per foot of length. The area and momenta of 
curve A must be equal to those of curve R in order to retain the draft 
and trim of the ship. 

The total weight thus found was 1,3J0 tons— hull, 1,105 tons, and 
engines, 23ft tons — being only a few tons in error from the actoal light 
weight of the ship. 

Curve C is laid off in the same manner as curve B, and represents the 
load displacement or buoyancy in tons per foot of length. The ship in 
this case is supposed to be on an even keel. 

The next operation was to find the weight and distribution of cargo 
and bunkers, the result of which is shown in Fig. 3, Plate XIV. (D and 
E curves;, laid off on the same principle as previous curves. 

Then adding weight of ship to cargo and bunkers, the curve F — ship 
and cargo — was produced, resembling curve A in shape and irregularity. 
The area and centre of gravity of this carve must of course agree with 
its corresponding curve of buoyancy or curve 0, of same reason as 
curves A and B. 
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From these curves we can by integration, find and conatrnct tlie cui'vea 
of loads, racking, and bending. In the different figures, tbe cnrves of 
racking and bending are shown of a more uniform shape. This was done 
to avoid confusion with the curve of loads, the effect and area being 
as near to the real shape as practicable. 

If we again refer to Fig. 3, and compare the curves A-B and 0-F 
respectively, and knowing the weight of ship, or ship and cargo com- 
bined, acta downwards, and their respective buoyancies upwards, we find 
that althongh these curves are of the same area and their centres coincide, 
(A with B and C with F), their shapes are very diiTerent. owing to the 
nnavoidable excesses in distributing the different weights. 

These excesses or deficiencies of buoyancy and weight are shown by 
curve A in Figs, 4, 5, etc., Plates XVI. to XX., and is called curve of 
loads or resultant veitieal forces. The excess of weight is shown lielow 
and the excess of buoyancy above base line. 

In order to retain the hydrostatical conditions of equilibrium, the 
joint areas and moments of the curve lying above base line must lie 
eqnal to those lying below. 

The points where the curve of loads crosses the base line is known as 
water-borne sections where weight equals buoyancy, and will conse- 
quently occur in pairs. 

The curve of loads will give an idea of the manner in which the ship 
considei-cd as a beam is loaded and supported, the points of support 
being what is termed water-borne sections and already explained. 

From the curve of loads is constructed by integration the curve of 
racking forces or stresses, and is shown by curve B in Figs, 4. 5, etc. 
The ordinates of this curve laid off to a certain scale arc the measures 
and relative directions of these stt'essee ; the maximum stresses always 
taking place in way of water-borne sections. 

In constructing the curve of racking forces we may use either end of 
the curve of loads as the ongin of integration (as the same result and 
loop of curve would be obtained) only remembering that the ordinatea 
have the correct relative signs. 

The features of interest in this curve are the points where it crosses 
the base line and which points or stations — always odd in number 
— divide the ship in separately watev-lwme parts before and abaft such 
stations. 

These points or stations are termed water-lwrne divisions iind must 
not be confused with water-borne sections. 

Again, I'roin the curve of racking forces is (on the same principle as 
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previous curve) oonatrueted and repreaeiited the curve of bondiDg 
mometilB, reBulting from the actioDB of the vnrious vertical Ibrces nn the 
ship. The curve of beading momenta ia shown by curve C iu Figs. 
4, 5, etc.. Plates XVI. to XX. 

There are oueor two poiata of practical interest coiiDeobed with the 
construction of these curves of hoggiug und Hogging moment — that is 
the cur\'e of bending moment. 

The firitt is: how to determine whether it ia a hogging or Bagging 
struin, but this is very eaady accomplished by finding the sum of the 
monientB of the downward and upward forces respectively at any station 
on the curve of loads, and if thu former are in excess of the latter the 
moment is of a hogging nature ; if the reverse, it is a sagging moment. 
Secondly, it will be noticed that the maximum or minimum bending, 
whether hogging or sagging, are always experienced in way of water- 
borne divisions. In the different figures, the hogging moments are 
shown above and the sagging below base line. 

The beading moments were calculated for this ship under several 
conditions, viz. : — 

1.— Ship light. Still water. 

2. — Ship loaded homogeneoiitily (fining 'twecn-deck} with bunkers 
nearly full and in still water. 

8. — Same condition as No. 2. but on a wave crest. 

i. — Same condition as No. 2, but on a wave hollow, 

5. — Same as No. 2, but bankers nearly empty. 

6. — Ship loaded with iron ore with bunkere ncitrly full and on a 
wave crest. 

7. — Same as No. 6, but on a wave hollow. 

Now, to apply these bending moments in order to find the different 
longitudinal strains ou the material of which the ship is constmcted, we 
must calculate the properties this material possesses to withstand this 
bending ; that is, we must find the moments of inertia and the neutral 
axis at different sections along the length of the ship, and from them 
determine the moments of resistance. 

These moments of resistance at the bottom-plating, main, quarter. 
and bridge deck plating, were calculated and set off to curves as shown 
in Pig, 5, Plate XVI, The moments due to bridge deck running almost 
parallel to those due to main deck. 

To obtain the effective seciionul areas of the different scantlingB — 
dii-ecled longitudinally— due allowance was made for rivet holes in ftames, 
beams, etc. 
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The so-called equivalent girder or condetisod scctioa ia shown in 
Pig. 2 B, Plate XV., and represents that of the midship section. 

Tliis equivalent girder is i-eally of uo practical value, inaamuch as to 
conatrnct a true girder from which to determine the position of the neutral 
aicia and moment of inertia, it requires more time tliau-working direct 
from the scantlings. 

In the case of this ship or any modern ship with an inner bottom 
continuous fore and aft, it will nevcrtheJesa (supposing it is a true repre- 
sentative of the section of scantlingB) more clearly illustrate — if so to 
term it — the value of this inner or double bottom, seeing the low position 
of the neutral axis. 

Having thus found the moments of bending and resistance at any 



section, we simply apply the well-known formula, 9 ■■ 



M 



where 3 is the 
moment, and 



strain i>er square inch at that section, M the hendini 
R the moment of resistance. 

The various strains per square inch are shown in the diflferent figurea, 
The curves marked D represent the strains on upper deck plating, and 
those marked E the strains ou the bottom plating; in all cases the tensile 
strains are shown above and the compressive below base lines. 

Starting now with the strains of the light ship, The only strains she 
will probably be subject to in this condition are still water strains. In 
referring to Fig. i, Plate XVI., we will find that although there is a 
considerable excess of weight amidshi|)S uo sagging takes place there, but 
from midships where all bending is techniealiy jiil a, hogging commences, 
increaaing towards each end until it reaches the water-borne di^'isione 
where the hogging is a ma-\imnra, and from whence it gradually decreases 
towards the extremities. The maximum homing moment in the after- 
body is somewhat larger than that of the fore-body, exceeding the latter 
by 600 foot tons. 

Passing from moments to strains, it will be observed that the ship ia 
under a tensile straining on her upper deck plating throughout the length, 
and consequently there is a corresponding compressive straining on the 
bottom plating ; the maximum strain in the fore-body taking phtce about 
midway between midships and the stem, the aune being the case in the 
after-body. The greatest tensile strain is in the after-body on the quarter 
deck plating, and does not amoimt to one ton per square inch, while those 
on the bridge or main deck plating are somewhat less. 

In most ships the strains experienced, whether tensile or compressive, 
on the bottom plating or structure are always less than those experienced 
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on the upper stractnre, iind in the case of this ship tlicv are comndei^ 
less, owing to a f^rcat extent to her inner liottom. 

From what has thus been expiained and ia ilhistnited in Fig. 4, Pl« 
XVT„ we gather that the ])eriniiaent strains nf this ship are very s 

We will now taite the striiins on the ahip in a loaded condition, 
illustrate and explain the many and varying strains a ship carrying c 
from port to port will Ijc fxpuaed to during her career would be nestfl 
impossible, owing to the variety of cargoes carried, and more so to ^ 
many and rapid changes in the eea-road on which these cai^oes I 
conveyed. 

In the case of this ship some of the principal features of stntini 
II. loaded condition have been calculated, and the nature and t 
illustrated in the various diagrams. 

Taking the strains for the loaded ship in the same order as we c 
lated the varioita bending moments — that ia — starting with the still wafl 
strains we will, on referring to Fig, 5, Plate XVI., find that the strains J 
the loaded sliip in still water arc very different to those on ihc ahip whj 
empty. While the after-body, as far as the fore engine room bulkhei 
is under a hogging strain, the remainder of the fore-body is subject I 
sagging except at the very end where there is a slight tendency to hof^u 

The maximum tensile strain taking place on the quarter deck g 
wale does not reach | ton per square inch, and the maximum compreeaid 
strain on the bridge deck gunwale is only ^ ton per square inch, the < 
responding compressive and tensile strains on the bottom plating beial 
only two-thirds of those on the upper gunwale. 

There are one or two matters of practical interest connected with t 
strains just explained. In the first place it will be noticed that I 
strains on tlie main deck in the after end of well are somewhat largi 
than those on the bridge end, but this ia amply compensated for by t 
doubling plate in way of the break. As this said doubling plate was n 
recognised in calculating the moment of resistance at this point, tb| 
writei- tried the effect in the application of this doubling plate, and foiii 
that the strains on the main deck were consequently reduced below then 
on the bridge deck near the break, 

The same ailment holds good in comparing the strains at the afh 
end bridge with those immediately abaft on the quarter deck. 

Another point of interest is where the change from bogging to sagg*] 
ing takes place. It is evident that, although there is technically no indt* J 
cation of straining at that place, the material nevertheless will be liable] 
to a kind oF shearing or separating process, but as the respective hogging J 
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and sagging strains are very small the eflfect will be of little or no con- 
seqaence. 

It will thos be seen that the still water strains when loaded are not 
only of a different nature to those of the light ship, but also somewhat 
less in amount. 

The ship was next supposed to be on a wave crest of her own length 
or 290 feet and 20 feet high, reciprocating with a hollow wave of similar 
dimensions, as shown in Figs. 7 and 9, Plate XVII. 

The displacement per foot of length to the wave surface was then 
found and laid off to a curve F in Figs. 6 and 8, Plate XVIL, repre- 
senting the new distribution of buoyancy. 

The strains on the ship when on a wave crest or wave hollow of above 
dimensions are more important and effective than any of the still water 
strains. If we refer to Fig. 6 — on a wave crest — we notice that in this 
case there is an uniform hogging from fore to aft, reaching its maximum 
near amidships in the after-body. The heaviest tensile strains are ex- 
perienced on the quarter deck plating where the maximum tensile strain 
per square inch amounts to 4^ tons, while the maximum tensile strain 
on the bridge deck is only 4 tons. The maximum compressive strains 
on the bottom plating are 3 and 2^ respectively. 

Again, when on the wave hollow the strains are quite the reverse to 
those when on a wave crest, and in Fig. 8 it will be seen that the ship in 
this case is under a sagging strain almost her whole length with the excep- 
tion of the extreme ends where the sagging changes into a slight hogging. 

The maximum straining takes place, .as in previous case, near amid- 
ships, but in the fore-body, and is not so severe. 

The heaviest compressive strains on the upi)er deck gunwales do not 
in any case exceed 4 tons per square inch, while the corresponding tensile 
strains on the bottom plating are barely 3 tons per square inch. 

It is obvious that to fix any certain limit of strains on a ship when 
moving amongst waves is rather hazardous ; and to test this ship the 
writer tried the straining effected when rested on waves of above- 
mentioned size. 

A ship has to be prepared to fight all kinds and sizes of waves, and 
the most trying are probably those of her own length, with a rather 
slow change of posture. 

In the three last diagi^ams previously explained, the bunkers were sup- 
posed to be nearly full, but as the contents and weight of these bunkers 
will gradually decrease towards the end of the voyage it is clear that a 
change in the nature and amount of the stmins will take place. 
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IrVe m'll therefore Bupposo the ship once more in gtill water, bnt with 
bunkers nearly empty. The change in this case is illustrated in Pig. 10, 
Plate XVIII. 

In comparing these strains with those when bunkers are nearly full, we 
notice that the sagp^ing in the fore-body has disappeared, and a slight 
hogging taken its place, while the hogging in the after-body is increased, 
the ship DOW being under a Losing strain fore and aft. The absolute 
maximum hogging occurs in this case as in previous (bunkers nearly full) 
in the after-body and nearly aniidship from whence and forward the 
hogging quickly decreases for some distance, afler which it falls very 
slowly toft minimum in the way of the well, slightly rising again to asecond 
maximum. The maximum tensile strain on the upper deck plating ia 
barely Ij tons per sqnare iueh, imd the compressive strain at any section 
on the bottom plating is only two-tliirds of the corresponding tensile 
strains. 

From what has just been explained we gather that the ship is subject 
to different and heavier (about twice as large) still water strains near the 
end of the voyi^e than at the beginning. 

As already mentioned, ii ship must be prepared to carry all kinds of 
cat^oes, but it is evident that some are more dense than others, con- 
sequently the stowing of and space occupied by a lighter cargo may be 
very different to that of a heavier description. 

In the preceding eases the cai^o was of the lighter kind, filling all 
available apace. The ship was therefore — in the second place — supposed 
to be loaded with n denser cargo, such as iron ore, with her bunkers 
nearly ftill and again mo\'ing amongst waves. 

The iron ore was supposed to fill the after and fore main holds up to 
the quarter and main decks i-espectively, the after and foremost holds 
only partly filled in the usual way. 

The different strains on the ship under these conditions are illus- 
trated in Figs. 11 and 12, Plates XIX. and XX. 

The flti-ains in this case ai'e very similar in nature to those illustrated 
in Figs. 6 and 8, there being a slight difference in che strains when on 
a wave crest. 

On referring to Fig. 11, Plate XIX., we find that the bending moment 
in this ease does not produce hogging strains throughout the length, but 
changes into a slight sagging on two occasions. There are consequently 
three sections where the hogging is a maximum, and two sections where 
the sagging has a maximttm value. The nbsolulo maximum bending 
takes place near amidships, and is of the hogging nature ; the other , 
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cargo boate that is now being bnilt; and it ie a matter uf ouagrittalutiou 
when we consider that vessels of this class can be built to carry iron cargoes 
of over 4,01)0 tons weight, and to be able to do this work without straining 
the structare or in any way endangering the safety of the vcBsei at sen. 

In presenting this paper to the merabera of this Institution, the writer 
traats, where bo many of its membei-s are ao closely connected with 
the interests of shipbuilding and ahipowning, such an expression of 
opinion may take place that further improvements may be suggested in 
this useful class of cargo boat, and at the same time he regrets the brief 
manner in which so many important points have had necessarily to be 
dealt with in this paper. 

DISCUSSION. 

The Pbesidbnt said, the papers were open for discussion. They 
would please bear In mind what he said nt the beginning that the 
discussion on the two papers, the paper of last meeting imd this, would 
be taken together. 

The Sechetaey (Mr. Dnckitt) intimated that lie had received a com- 
munication IVom Mr. Ullstrom on Mr. Sivewright's paper, and he was 
asked to read it: — 
CoBOiDNHJATiON rROM Mji. Otto Dllstrom ON Me. Sivewhight's 
Paper. 

Dear Mr. Dockitt, — I have had great pleasure in reading Mr. 
Sivewright's able and instructive paper on "The Development of Well- 
Decked Cargo Steamers," and now beg to make a few remarks upon the 
same. On p^e 151 Mr. Sivewright points out that one great objection 
to flnah decked steamers, as shown in Fig. A, Plate XXI., is, that on 
acconnt of the large capacity of the fore-hoid compared with that of the 
after-hold considerable difficulty is experienced in proper trimming when 
homogeneous cargo is carried. On page 152 Mr. Sivewright goes on to 
etat« that to overcome this objectionable feature of trimming by the 
head, the long full poop steamers, as shown on Fig. B, Plate XXIII., were 
introduced, but that the full benefit of the poop was only obtained when 
filled with cargo of the tightest description, and that loaded under these 
conditions the vessel trimmed too much by the stera. 

From this one might think that the cubical contents of the holda 
were the cause of faulty trimming. This might be right enough from a 
shipowner's point of view, but from a practical and technical shipbuilder's 
it would scarcely be deemed so, as the trimming entirely depends upon 
the design of the vessel and the position of the centre of buoyancy. 
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lum fitrainB, whether hog^i^g or sagging, are exceedingly 8niaH. 
This absolute maximiim temile strala on the bridge deck gunwale docs 
not amount tn more than IJ tons per square inch, the corresponding 
CompreBBive straiu on the bottom plating being barely 1 ton per 
Bqnare inch. 

The strains when on u wuve hollow (Fig. 12, Plate XX.) are exactly 
of the same nature as, but considerably larger than, those illustrated in 
Fig. 8, Plate XVII., being probably tlie largest strains experienceJ by 
the ship. The maximnm compressive strain taking place near amidships 
on the bridge deck plating reaches as much as 7 tons per square inch, 
while the corresponding tensile strain on the bottom plating amounts to 
5 tons per square inch. 

Now, us a final cumparisou between the strains on the ship, loaded 
with a homogeneous oai^o in one case and a cargo of iron ore in the 
other, we find that when on a wave crest the strains in the first case are 
by far the largest, while when on a wave hollow the larger strains are 
those when loaded with the iron ; in fact, so large as to be dangerous 
to the ship. 

Knowing that every chitngQ of the waves reverses the nature and 
direction of the strains it is evident that this constant and rapid 
changing, perhaps extended for weeks, would finally be attended with 
signs of weakness. 

On a review of the whole of these investigations we may conclude 
that the longitudinal strains are not of any serious character or amoant. 

It is true and above demonstrated that some of the strains when 
loaded with iron ore stowed in the present manner are very lai^, but 
there are two ptints which must not be overlooked. 

In the Smt place, we may considerably lessen tliose strains by more 
evenly distributing the iron in the liolds, and thus reduce the straining 
below that when loaded homogeneously. Another point is — perhaps, the 
only consolation^that the material is capable of withstanding a much 
heavier straining ; and if we fix the limit of safety at 10 tonB per 
squHre inch we would not l>e far wrong. 

Something may bo said abfiut the steamer chosen being a well- 
decker, hut the writer had several reasons for so doing. Firstly, she 
furnished the most estensive and reliable data obtainable ; another reason 
was, that she represents a type of cargo steamer which is gaining favour 
eveiy day, and embi-aces a large portion of our cargo steamers of to-day. 

The original intention of this paper was to obtain a more comparative 
view of the longitudinal strains on cargo steamers of different types and 
constraotion ; but, as we well know, there is an enormous amount of 
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work involved in calcnlations of thJe kind, and the time at the dtspoail 
of the writer did not allow him to extend these calculations bejond what 
is illa8trated in this paper. Bnt, as hinted at the oommencemcDt of this 
paper, he hopes on another occasion to be able to extend this paper to 
wh.it was originally intended, at the eaine time trusting that theee few 
illnstrations will be of Kome interest. 

Before conclnding, the writer bege to apeciallv thank H^ra. £. 
Withy & Co. for the kind interest shown by assisting him in preparing 
this paper. 

DISCUSSION. 

The Viob-Pbebit)ent said, the paper they had got before them was 
one capable of a good deal of diBctission and worthy of it, and the 
discussion would, he thonght, be as well after some consideration had been 
given to the paper. If uny member was inclined to open the discusion 
that night, they would be glad to hear them, otherwise it would be better 
to delay the discussion till next meeting. 

Mr. (iv.o. N. Arnison, Jim., was sure they must all feel gratefiil to 
Mr. BergBtrdm for having made such an elaborate enquiry into the 
longitudinal strains of a cargo ste-amship, and for presenting the resalts 
in the paper just read. It was the first of the kind that had been pre- 
pared for the Xorth-East Coast Institution of Engineers and Shipbuilders, 
and as it had doubtless necessitated a great amount of labour, it was 
worthy of full discussion. In having selected a "well-decker" of recent 
construction the results were of all the greater interest, as bo many of 
the members bad such considerable experience with this type of vessel, 
and in this respect Mr. Bcrgstrdm specially deserved their tltanks, for, so 
far as he (Mr. Arnison) could recollect, the "well-deck" type had not 
before received such attention in the proceedings of any institiitjon. 
Mr. Bergstrom had followed out the mode of calculation adopted first of 
all by Sir E. J. Reed in a paper contributed to the Royal Society of 
London on Slst December, IJiTO, and afterwai'ds by Mr. W. Johu, who 
placed before the Institution of Naval Architects the results of similar 
calculations on the 2<itb March, 1^74. Other experts hitd adopted the 
same mode of enquiry int<i the longitudinal strength of vessels. Without 
wishing to detract from the value of the paper now read, looking at the 
various diagrams, he (Mr. Arnison) could not help thinking its value 
would have been i.ionsiderably enhanced if there had also been » sys- 
tematic set of tables showing the analyses of the results, The paper 
stated under what circumstances and at what point of the vessel the 
largest hogging and sagging moments were experienced, but did not 
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s(ty what the "moments" were. Il Mr. Bergatrfim had no objectiun to 
annex to his pajier the varioue "momentB," "eectiuiial areas," etc., the 
interest and value ul' the paper would be inereased." Sir E. J. Reed 
presented part of the results of hia enquiry into the masiraum hogging 
strains of Her Majesty's vessels as follows: — "Minotaur" maxiuium 

hogging strains = 1^ ^ ooi ^^*-^ ^ wave the same length as the vessel 
and 30 feet in height ; " Bellerophon " maximum hogging strains, 
^ D X To ; "Victoria and Albert" maximum hogging strains. 



= D ) 



Where D = 



= load displacement, L = the length of vessel. 
Mr. John calculated by the same method the hogging strains iu a screw 
eteamer of the merchant service, 836 feet long iiud about twelve depths 
in length, displacement about 5,0U0 tons. With the hunkei's full be 

obtained the following result : — D x j^^ = maximum hogging mo- 
ments, but after 300 tons of coal had been consumed the masimum 
hogging moments increase and are equal to I) x ^ . In this case the 
height of the wave is only asauraL-d to be 12 feet, although In length the 
same as that of the vessel ; and taking this into account, as well as the . 
fact that the cargo tvas asstimed to be the same measurement per ton of 
length, Mr. John cume to the conclusion that D x ^ would be a &ir 
expression of the maximnm hogging moments. Such formul(e were of 
some use for comparison, more esjwcially for similar vessels. The "well- 
deck " steamer, of which Mr. Bergstrflm had given the calculations of 
longitudinal strength, was similar in displacement to the mercantile 
steamer of which Mr. John bad given results, and it would be interesting 

to see how D x xti i.e., -^- — ^tt = 40,931, in the case of the 

" well-decker " would compare with the maximum hogging moments ob- 
tained by Mr. Bei'gstr6m under the seven different conditions mentioned in 
the paper. Again, Mr. Bergstrflm stated (page 113), "on a review of 
the whole of these investigations we may conclude that the longitudinal 
strains ore not of any serious character or amount, except when loaded 
with iron ore stowed in the present manner." It was not however clear 
that this comparative safety could be claimed for a steamer bnilt 
of iron. Certainly it was ijuestionable that the limit of safety for 
iron should be placed as high as 1<) tons per square inch. Shipbuilding^ 
• See Table on noit page. 
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diviBioQ in tlie stringer plate, but it was (juite possible lo amply make Dp 
the strength of the part, aud that had been done by various expedients. 
He rememboret! when ships were built with wooden quarter decks — tbey 
elinwed weakness at this |)oint, but in vcascla with iron or steel decks 
that was obviated- The first bridges put ou these ships were very poor 
structures with open alleyways through them, the side plating was veiy 
light, and he thought mfial of the objection that was raised to well-deck 
Bl«amers was ou account of one or two of them having their bridges 
Blove in, but that was clearly a local weakness which had been qoite 
overcome by carrying np the frames to the top of the bridge and by 
making the side plating and end of the bridge much stronger. The 
extension of the bridge to the foremast was almost entirely on account 
of the freeboard tables brought out by Sir Pigby Murray. Some builders 
had closed in the fore well altogether, he thought that a great mistake. 
The public have generally looked upon the well as a place where seamen 
were drowned, but its I'eal use was to prevent the water sweeping along 
the deck to the midship part of the vessel, If the water came over the 
forecastle and broke into the well the people standing amidships were 
perfectly safe and dry. At the worst the well could only be full of water, 
and when the vessel rolled it would soon he pitched out. The present 
practice of leaving a well 24 feet long still retained that feature, but if 
that well waa filled in then the water swept right along the deck. The 
question of st.ibility was a very important one; it was mentioned in the 
paper that a good many flush deck ships had been lost through shifting 
cargoes. They found in all calculations they had made that the stability 
of the flush deck ship was not nearly equal to that of the well-deck ship, 
and he believed that was almost entirely owing to the difference of free- 
board. Some people cfiraplained that the well-deck ships were allowed 
to be loaded too deeply, but if they knew the amount of surplus buoy- 
ancy tbey would see that such was not the case. Take one of the 
ships Mr, 8ivewright had shown in his diagrams, the freeboard at the 
very least would !)e 2 feet 3 inches to the main deck, but if the vesBel 
was built as a flush deck ship there would be about 5 feet G inches to the 
npper deck, and the main deck would be 3 feet under water, making a 
difference of nearly 4 feet between the immersion of a well-deck and 
a flush deck ship. Now, could anyone imi^ine that the mere filling 
in of the well forward and raising the quarter deck 3 feet would be 
suffident reason for allowing that ship to load i feet deejter ? He con- 
sidered the present freeboard for the flush deck ship was certainly too ' 
Bioall, and that now assigned for the well-deck ship was an exceedingly 
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fair one. Mr. UllBtrom in big letter said it was a simple thiug to 
alter the position of the centre or bnoyancj. So it la, bnt if it was put 
4 feet further forward it wonld not only incroaae the displacement forw&rd 
but also increase the raeasnrement capacity, and so alter the trim very 
little indeed with homogeneona curguee. l-'ur a ship to be possvffieil of 
good sailing and steering qoalities there was a certain position for the 
centre of buoyancy, and it was not advisable to alter its position as 
suggested by Mr. Ullstrom. 

Mr. WiOHAK Richardson — I just want to know whether in flush 
deck vessels yon take the forecastle and bridge into account in your 
calculations ? 

Mr. Withy — No ; we do not, as they are not usually constmoted 
in such a manner as to ^ve buoyancy. 

Mr. H. Maooll said, the view expressed in Mr. Sivewright's paper — 
that ships were to be loaded whilst lying on the ground — was one that 
should not be tolerated. It was simply a question, if the harbour or river 
was not deep enough, for the local authorities to make it so. It was 
practically impossible to build lar^ t^hipe of a type that would pay carrying 
ordinary cai^ws and lie aground whilst being laden or loaded. He was 
of opinion if this course was adopted there would soon be such heavy 
demands on the insurance that they would have t«) lay their account by a 
pretty stiff increase in the premiums; and therefore he did not think that 
grounding tihould be entertained for a moment. It was the business of 
dock and river cunservators to make their places suitable for the vessels, 
and not to have ships bnilt to snit the ground. Then about the stowing 
of the iron ore on board the ship so high up and taking so little of the 
length of the ship's hold, he was of opinion that this matter must be 
met and provided fur by the shipowner and the shipbuilder. As shown 
in Diagram F, Plate XXIII., the ore was stowed iu ooraparatively short. 
high masses, and when the ship was under the spouts, loading ore, it was 
easily and quickly put on board, and both captain and officers well knew 
that the higher the cai^ was kept the more comfortable and sea-kiudly 
was their vessej at aea. Another matter, the higher the cargo the more 
easily waa it discharged, as the stevedore preferred to work from the 
bottom and get as much as possible of the material to run into the tubs 
without ahovelliug. In some vessels they had built on the Wear they had 
put in large water-tight doors in the bulkhead between the fore and main 
holds to work out the ore and load lytrgoes; and with well-ljuilt vessels 
they found no signs of severe straining so fur as he bad seen, if the ship 
did strain then additional strength should be given, aa he did not think 
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any amoont of dfscuBsion nr perenaflion would get those on board ship to 
stow the ore any lower down and so spived tht weight over a lari^er area 
of the bottom, Another tliiofr, by keeping; the weig'ht well from the ends 
the pitchiujj and Bcending movemeatB of the veasel were conaiderably 
reduced, and conaei^aently less racing of the engines. With regard to Mr. 
UllBtrom's remarke about altering the form of the vessel to get more 
capacity in a particular hold forward, considering that the ordinarr 
cargo et«amers often appn>ached and aoiaetimea exceeded a coefficient of 
•8 nnder deck, it was difficult to understand where the niaigiu waa for 
increasing the capacity, say of Ihe main hold, by filling out the tines 
forward to bring the centre of buoyancy further forward. In a fine-lined 
vessel there might be some room for manipulating in this direction. 
Still, even in fine vessels the capacity of the holds before the engine room 
was not a primary consideration and did not usually enter prominently 
into consideration when vessels were being designed. As an episode in 
the history of the well-deck steamer— some small flush decked colliers 
were sent out from this district to the Crimean ivar for conveyance of 
materiuls, etc., and owing to several liands being injured when at the 
wheel in rough weather it was decided to fit a short raised break aft 
as tar forward as the cabin extonded in order to raise the platform and 
afl'Drd more protection from heavy seas breaking over the stern ; this 
was found to be very beneficial and was shortly followed by fitting 
a monkey or anchor forecastle forward flush with the main rail. This 
arrangement, together with the look-out bridge over a small deck house 
amidships, might be considered the start of the well-deck. But as the 
vessels inclined to load by the head, the break aft was made higher and 
extended forward bo permit of more cargo being stowed afi ; then the 
low forecastle forward was foimd to be inconvenient and uucomfortabla, 
BO much water went down the companion in rough weather ; to remedy 
this the forecastle was buiU entirely above the main deck to the advant- 
age and increase of comfort and safety to all conocrncd. And thus, Bt«p 
by step, this type of vessel had been improved and developed, bo that Jc 
can now be said, so far as the requirements for conveying the ordinary 
merchandise of the country, the well-deck steamer has proved not only 
to be superior in safety, Ixith as rog»rds the cargo, the vessel itself, and 
the people on board, but it also can be constructed at less cost, will draw 
less water and be of less tonnage than a flush deck vessel of the same 
dead-weight capacity. The great bulk of the flush double deck vessels 
built, until recently, of such proportions as had already lieen referred t«i, 
280 X m y 24 und also nl»nt 2liO x 32 X 23, when properly and 
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carefully laden and handled, made good sea boats nnd fair pasaages. 
Unfortanately the exigencies of modem commerce did not always 
permit of proper, not to sa? careful, loading. The vessel arrived 
at an ontport and the broker or charterer took full charge, and 
loaded or miatoaded the vessel us it happened to snit his convenience, 
any remark made by the captain or officers was simply ignored. Even the 
stevedore did not always know the entire compoaitioa of the cai^i until a 
considerable portion had been shipped, the result not seldom being that 
in heavy weather the ship's people would find the vessel on her beam 
ends and unmanageable, and bo cause the loss of valuable lives and a large 
amonnt of property. He firmly believed if a large number of vessels 
of the proportions alluded to had a well between the bridge and fore- 
castle they would be alive and doiug well instead of going to increase 
the number of mysterioualy missing vessels. With the weil-deckera the 
cargoes were cairied safely to their destinations, and mysterious die- 
appearances were very rare indeed. Of course so far as stranding and 
collisions were concerned one sliip was pretty ranch tlie same as the other. 
With regard to the web-frames he was of opinion that in after-holds, 
ivhure they attained a depth of 2i feut or upwards, it would iu most 
cases be au advantage to have a tier of intermediate beams fitted. There 
was little or no increase in coat fitting beams over web-frames, and with 
the exception of such cargoes as coal, ore, or nitrate there would be an 
advantuge in having a temporary deck laid to relieve the lower portion of 
the cargo from the great weight of the cargo above. With many kinds 
of cargoes of a fragile nature the top weight would be likely to destroy or 
injnre the lower portion, and the temporary deck could be removed when 
necessary for working bulk cargo. To his mind there wna a prabablc 
source of danger looming ahead in the long extended bridge style of welt- 
deckers, which was well indicated by the stability curve with the long 
bridge filled with a homogeneous cargo. The righting lever was growing 
uncomfortably short ; and supposing the lower hold badly stowed or 
incompletely filled, with the space above main deck quit« liili, it kiokcd 
very like getting a considerable way in the direction of the cargo 
shifting due to the double deck. This tendency should be carernlly 
watched and precautionary measures adopted, including wcll-fitu.'d shift- 
ily boards, and in the case of grain and similar cargoes a liberal allowance 
of feeders. He did not quite understand Mr. Laing's vessel. Supposing 
the raised quarter deck was carried right forward, and the main deck 
beams in their ordiiwry [wsition, it would bo difficult to get about in the 
confined space, or stow cargo, while if the main deck was dropped or 
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lowereii the monlded depth became a sort of imaginary line, und would 
open the way U> many ciiriouB departnres from ordiuaiy practice. 

Mr, IiAiKG^It has a r&iaed main and quarter deck, and the ttuun 
deck ii 7 feel below the qaarter dock. 

Mr. P. Yeokas (Hartlepix)!) osketl if be might be allowed to say a 
word or two from the shipowner§' stnndpoiDt? He had the pleasnre of 
paying bis first riait to the Institution, and thia paper of Mr, Sivewrigbt'a 
having a special interest for bim was the reason for his coming to 
Newcastle that night. He had been mnch interefited in the discofifiiDa 
80 far as he had been able to follow the ai^uments. He however bad 
been oonsidering the same qnestion from another standpoint for fbnr or 
five years past, and he thought the result of his invefltigations, aa to the 
type of steamer imder oongideration, should be a matter for jugtiliablo 
pride to the sbipbnilders. He had had to laekle the question from a 
very serious standpoint, that of loss of life at sea, as some present wonld 
be aware. He had inquired at the offices of the WeIl<Deck Steamship 
Insurance Aasociabion before be left home timb aftenioon, for fear there 
might have been a break in the record. That association would complete 
the «>M year of its existence in a few days, and he was pleased to be able 
to state to that meeting that, with an annual average of about S50 
steamers insured with the association, it had not as yet paid for on* 
"missHiy" steamer. As to the how or why it had ao come about, thai 
was for naval architects to find out, be merely brought them the bare 
statement that for six years there had not been n single loss under that 
particular heading out of the 360 steamers. Seeing that abunt half of 
the total loss of life at sea was frequently stated to be in "missing" 
sailing ships and steamers this was a most remarkable immunity as to 
the type of vessel in question. In regard to the discussion this proved 
safety had, by previous speakers, been attributed to increased beam in 
later years. He submitted that within the 350 stcamera referred to, 
must necessarily be found vessels of varying breadths of beam, as also of 
diflerent ages. About the year Li^7u, in this locality, the ordiuary well- 
decked steimer was of about 1,200 tons dead-weight ; then, in the next 
rise — say about 1875 — it went to an l,80o ton ship; in the next, about 
1877, to 2,000; and in 1883-4, to what they then looked upon as the 
maximum, i.e., 3,500 tons dead-weight; but within those sizes, on all 
fair dimensions, from the year 1883 to the present year 1889, they moet 
have had those well-decked steamers in this insurance association, and, 
taking all trades open to them, such as heavy or light trades, iuclnding 
Atlantic work, they had done their work exceedingly well. When they 
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remembered the hard work, in the way of cargoes, these steamere had 
often to do, and the single fiiet that the ordinary work of a cargo steamer 
involves about 40,000 milea of steaming every year — subject to all 
unforeseen, as well as known perils — he thought it would be conceded by 
this loBtitatioD that this was a really marvellous record. He should like 
to sec similar recordfl of the double decked steamers. Tlie long raised 
poop type of well-decked steamer had been under diacnssiou that night. 
It had been a matter of thought to him that, of any raised quarter decked 
ships whifh he had found tabulated under the beading of "foundered" — 
say with cargoes of liarley, etc. — the long poop vessel (with two decks 
laid aft) seemed to be first to fail, and he was driven to the conclusion 
therefore, in the face of fiicts just previiiusly given, that there was Bome 
special danger in the more than one deck laid, and Oa which naval 
architects, in the interest* of the crews, shipowners, and underwriters, 
would doubtless give their careful attention. He thought this statement 
deserved their serious considoration — that on the one hand not one of the 
350 well-decked steamers is "missiog" for six years. On the other 
bond (and he had closely searched the "Mercantile Navy List" with 
every anxiety to deal feirly with this question), he foand that, during 
about fifteen months, ranging from December, 1886, to February. 1888, 
out of about 4G9 cargo steamers, 13 were reported "missing." These 
were all double decked ships, and such comparisons seemed convincing 
to him that, from gome standpoint, there was some conspicuously inherent 
safety in the single decked vesso!. Mr. Sivewright had touched upon the 
matter of shifting cargoes. He (Mr, Yeoman) remembered a letter from 
the captain of a double decked vessel passing Blninore, in which he 
mentioned his ship having a three feet hst. He could not get at his 
cargo, the shifting having token place below the 'tween decks, but be 
hoped to reach Cronstadt in safety. Whether the shifting of the cargo 
was the cause of her loss or not of course no one could say with certainty, 
but he believed that nothing was heard of that vessel or her crew after 
leaving Elsinore. He merely took that as an example of the difficulty 
captains and seamen had in dealing with shifted cai^o with more than one 
deck laid. With respect to iron ore cargoes being carried high in the 
ship he hardly thought Mr, Macoll did shipowners justice to put it as a 
question of £ s, d. He thought he ought on behalf of shipowners to 
RiBcnt that. He believed it was altogether because the captain found the 
veeael more sea-kindly with his cargo high ; if such cargo was canied low 
in a steamer she would about roll her masts out. He wished they had 
captains members of this Institution who conid perhaps supply the practical 
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, n bad ttked for Ouu. night, »j *ilii . 

rdfaMoe (0 Ibe Msnoar of Uw rendt u aea aod as touching eocIi 
qnotioM w wi^cnMnbeii^ flLnRgtb, rtaUllt}-, >*c WitL nil raped | 
(oDii w DDij « kadsnu) be submitted that 4.0O0 tons dead-vei^t, wilb 
a Hnnle datk, tnl'^ be a aenoos moogb teat, and especially witii oertaia 
kinda oTcMgo Uw vonld be a matter fur careful watctiiog in Lhe futuni. 
'hj Ibe qaatioo at beam he vat gtad to note that in acv Bteniaen spix-nl 
aUvollon wot being siren. Qc slDcoivlr tmsied naral archittvt« would 
k«cp their ojrc on the qneMion of subility— lie reared Lhe special weaknea 
HiUi double decked shipa. Ho thought ha remarks might be thus 
auniiuaruud : tliat KUnchow —he bclitnred in the matter of atabilitj— the 
Hiuc'c decked sliip waa mherenUj' a a>fe type of diip, bat the larger 
VfmuIk niiglit iit^ uttviitioii to be given as regarded etreugth. It was 
lit> rlxulil jKwtiitilL' for tia\-al architect to provide sniGcieut strcugtli if 
iiwuvn would pay for it, even with a giagle ducked vessel aud of eitreme 
•111,'. Hut it might li&ruun<.T \k found tliat (iir these lai^r vessels a 
ImokKmo of utrungtli in the aliapo of a Bcoond deck laid was a nece&eit;. 
Miifh nf ihu lif« Ittss of the double decked reasials might of course be the 
ncMlt ttf WRMml^ Jistributed weight in the abip, from laulty trimming or 
()iti ^tUllitit ttiid ithifting of uirg»«s. In any case, tfith vesaelg having 
tWHv UiMit «w iliwk laid, he asked them, not only as regarded new 
VmnnU, but «!•<> ill l.lii' iiitf'reals uf those navigating even the vessels at 
|'h«<ml <il iu<n,iliH(iinj'thiti^ which they could do from & naval architect's 
l>.>iitl ,<( \ \,<\\ hIioiiM Ik' diiiu to bring those vessels upon an equality as 
!•> tiiit^iiiiil y hiim wrions lifu loss with the other once maligned but now 
rtih"ii1''iH\ i«afi' l,vi» of steamer, 

Ml. Si'ii<ii,Ki''iKi.i) ihoiiglit Mr. Ycomau liad covered nearly all the 
i,iv'Hiiil 111' would liHVi' piiie over hud he apokun earlier. As to shipowners 
\i.» ■)<<'iikiii|!, lhe,v iiiiui' llu'ix! to learn, aud before such a scientific body 
■rt ilii> it WiHnlilUciik for sliiiwwucrs to argue many of the questions 
\.itx>,| , Imt one of the most itituitistiug features in this paper of Mr. 
Mvt'wiiIlhrR wos Ihiit it dealt with the whole question more from a ship- 
\'VMitH'« )H>iiil of view than the papers usually read before this Institution. 
Ml ^iiv i>H I'is'il dedit with it very much from the point of view of mouey- 
uiuiiiii; |><>Her. iiuil it occurred to hiui (Mr. Scholcfield) on hearing the 
l>.t|>>'i lAHxl lliiit iiM main feature was that it showed in altering from the 
lliiili ilivK l^' (III' wi'll-ilwk Khip nut only was a type of vessel constructed 
\\i.w[\ \\>\i II10IV piMliliilile to the owner, but also was a safer ship, and 
iliiti W iIioiikIiI was certainly a remarkable factor, for it did not ut all 
nJli'« tliMl « "hip whieli gave greater earning power should combine 
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greater safety. The Board of Trade had not beliuved that tlieae ahip« 
combined greater earning jiower with greater aafcty, und it took years 
for the ofRciaU to learn from actnal experience that what waa aegertcd by 
bnilders and owners was actually correct, and now the Board of Trade 
Etdniitted all that was asked for the raised quarter deck veBsela. He did 
not believe, however, that the entire improvement arose merely from the 
Bubstitution of the raised qcarter deck for the flush deck, but because 
coincident with this change of type the diraenaioos and form of steamers 
had been much improved. He woold illustrate what lie meimt by an 
analogy if they would allow him. After they got free trade it used 
to be believed that all the advantages accrued to the country merely 
from the abolition of the duty upon corn, and it was only recently that 
certain people would admit that the introduction of railways, steamships, 
telegraphs, etc., etc., had something to do with the increased prosperity of 
the coantry. Ho with this well-deck type nothing was said aa to the 
improved dimensions, and he believed if the raised quarter deck ships 
had been constructed U|)on the same dimensions as many of the flush 
deck ships long, lean, and deep, the record would not have been aa 
striking ua Mr. Yeoman had quoted that evening. But when these ships 
were built with more beam and less depth in comparisun to the length 
they had at once a more sea-kindly and safer type of vessel. They had 
heard something of this extension or lengthening of the bridge. It 
seemed to him that would never go tar in vessels under 2,U0(i tons 
burthen. The extension of the bridge to the foremast was not adapted 
to vessels carrying deck cargoes. It was interesting to hear Mr. 
'Sivevright say that the extension of the bridge did not add to the safety 
of the ship, as most of them had believed that it would do so. Another 
point mentioned was that in regard to web-frames and also the intro- 
dactioD of much larger plates. These large plates had one objection : 
that if damage occurred to one of them the whole plate was condemned, 
and nnderwriters would have, perhaps, something to say on the subject 
of extra cost of repairs. He was sure the shipowners were indebted to 
any gentleman like Mr. ^ivewright who took so much care and attention 
in bringing before them improvements in the type and design of steamers, 
advantages which would at all times receive the earnest attention of 
owners, who were desirous of securing the bcneQt of all the practical 
jprovements that the naval constructor could supply. 
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DISCUSSION ON MR. BERUSTROM'S PAPER. 

Mr. Maooll said he had after hearing Mr. Sivewriwhl'a very interest- 
injr paper almost entirely foi^otten Mr, BergBtr6in'8 paper and anytliing 
he had to say upon it. One matter referred to at their last meeting was 
as to the allowance or percentage tor rivets that had been made in the 
calculations. Now this was a very important matter, especially consider- 
ing the sKel scantlings were tiiken in the paper as being equal to iron. 
The riveting they all knew in the butt straps of steel ships was consider- 
ably increased and closer pitched than in iron vessels by Lloyd's recently, 
and consequently as a mat[«r of tensile strength the pulling asunder when 
the wave crest was amidship would be more easily performed than if 
the rivets were spaced somewhat further apart. The riveting was a muet 
important factor, and when they found experts in calculations of strengths 
of vessels differing as to the amount to be allowed for rivets or rather 
rivet holes from 7 per cent, to 22 per cent, there was a considerable 
margin to reconcile, and being snch a prominent feature in the 
calculation he thought it should be clearly stated and would facilitate 
oompariaon. The paper on the whole was a splendid contribution to 
their transactions, and must have entailed a very large amount of labour 
in working out. 

Mr. T. MiLLAB said he thought Mr. Bergstrora's paper was hardly 
receiving the attention it demanded, and he was sure that they wonid 
agree with him, if they took into consideration the direct bearing it had 
on the design of vessels, aB'eeting, as it did, the freeboard, stability, 
structure, etc. Anyone, who had gone into the question at all. and' 
knew the amount of time required to work up the necessary calculations 
for the production of a set of diagrams such as Mr. Bergstrfim had placed 
before them, would not allow this paper to pass without taking some notice 
of it. Although a paper of this description required a great deal of time 
to get up there was a considerable amount of pleasure derived in seeing tlie 
reanlts of one's work placed before them in a graphic form. There were 
many different phases of the subject which might be discussed with 
advantage. Although papers on the same lines had been read before 
several institutions on various occasions he thought the anther had 
opened up new ground iu dealing with the well-deck type of steamer. 
As this class of steamer seemed to be growing in favour it must be satis- 
factory to those interested, to learn from the diagrams before them and 
the results given by the author that they have ample strength to meet 
any strains to which they are likely to Ije subjected. At the same time he 
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would like to point nnt that the pabliehed results of calculntionfi of this 
kind giving strains on upper works, etc., for vessels afloat at the 
preaent day were very meagre, but not qnite so scarce as informution 
derived from acfnal practice. He only knew of one or two cnaea in which 
Rny utterapt had been made to OBcertain the straining of a vessel at sea. 
He believed the author intended to give them the results of his calcula- 
tions in tabulated form.* If so, they would be of practical use for 
purposes of comparison. It seemed to faim that so far this was the only 
nse to which they could put information of this kind. The author states 
that in the vessel with which he is dealing the greatest tensile strain is 4i 
tons on the raised quarter deck plating, the vessel being loaded with 
homogeneous cargo and bankers nearly full; he however gives no inforraa- 
tion relative to the strain on the upper works when the bunkers are nearly 
empty, ThiH mnst neceasarilj be greater. In the paper read by the late 
Mr. Mavor and himself, before the Institution in 1885, the reaults of 
their investigations in two different types of vessels carrying the aume 
dead-weight showed, that in a three-decked ship fully loaded and the 
bunkers full, the tensile strain on the gimwalc was 3'3ft2 tons and with 
bnokers empty 4'014 tons : and for a spar deck ship loaded and bunkers 
full S'4fi2 Uins, bunkers empty 4-168 tons. The limit of safety of 10 
tons which the author gives seemed to him rather high. He knew that 
there were ships afloat with a fiictor of safety of three, and although 
these vessels had been doing their work for years he did not think 
that it would be very safe to take this as a precedent. To show 
the variation there is in the strains in different sizes of vessels, Mr. 
John in a paper which he read before the Institntc of Naval 
Architects in IS74, gives the resnlt of some of his calculations 
upon steamers from 100 to 3,000 tons. In the vessel of 100 tons 
the maximum tension on upper works was 1-67 tons, iuorensing in 
the 3,000 tons vessel to 8-'>9 tons. This tended to show that the 
tension on upper works of vessels over 400 feet long must be some- 
where between 8 and 9 tons. If this was correct the limit of safety 
given by Mr. Bergstrftm for his vessel would certainly never be reiiched. 
Healing with a snbject of this kind, with longitudinal strains oulj, 
one was apt to lose sight of the transverse and other strains to which 
a vessel may be sabjeet at the same time. With u vessel on a wave crest 
or wave hollow, sitting perfectly upright in the water, the calculations 
were all riglit, but whenever the vessel heeled ovlt the tensile straiu on 
the higher side was immediately incieased. At the same time, Ibr 
• Bm> )*gc 146. 
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SHIPBUILDERS. 



PROCEEDINGS. 



SEVENTH GENERAL MEETING OP THE SESSION. HELD IN THE 
LECTURE HALL OF THK SOBSCHIPTION LIBRARY, FAWCETT 
STREET, SUNRKRLAND. ON WRDNRSDAV EVBNINO, MARCH 
13Tn, 188!». 



F. C. MARSHALL. Est),, Pebsidhnt. 



B Cuiia. 



Tiig Seohbtart read tlie minates of tiie last General Meeting, held in 
NewcaBtie-upoQ-Tymi, ou Moiidaj, February llth, Trhidi were appi-oved 
by the members present, and signed by the Preeidcut. 



THE PROPOSED GRADUATES' MEETINGS. 
The Phesident said, tht first point that occarred to hiin in regard to 
the minutes just read was that relating to the Graduates' Bection, and the 
sufrgestion that they should form a claiis for meetings for the study and 
reading of papers and discussioii. He might say that Mr. Macoll and 
himself met the very few Graduates wlio came np on the occasion of the 
meeting they appointed. There were, he thought, four who came, and 
necessarily, he might say, nothing was done bnt to defer the question 
to au adjourned meeting, to be held on some i'ature date, when he hoped 
their young members would come forward in lai^e numbers to form 
themseii'es into a Graduate eection. Probably the last time was a little 
inopportune; there were exciting meetings going on in Newcastle that 
week, and some of them might be there; but he waa quite sure the 
formation of such a section would be a very valuable adjunct to that 
Institution, and, he thought, of very great service to many of their 
younger members. 
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THE FURNISHING FUND. 

The PttESiDKNT said, he should aiao like to once more call thei 
attention to the HubBcription fund towards the fnrniBhin^ of their nen 
roonia in Newcastle. These offices and rooms had been fonnd to be n 
necessary ou account of the large number of documents and magaiiines' 
forwarded to them from many other scientific societies, which were 
accumulating about Mr. Duckitt's office, and it was scarcely light to 
expect him tu provide accommodatiou. They had taken the rooms, 
and ftn-nished thom at an expense of something like flKO. About £75 
towards this fund had been sub9cril>ed by Sunderland and Newcastle 
members. He was glad to say that at their last Council Meeting Ur.l 
Fother^I, of Hartlepool, who was always ready to do what he couldfl 
towards advancing the general interests of the Institution, produced a lisi^ 
of subscriptions from the Hartlepools amounting to £32 10b,, which he 
had himaelf collected. If others were to aid tliem in the same personal 
and direct manner this would be an extremely flourishing InstitntiDti, 
and a practical and profitable centre. There was still something like 
£50 or £60 wanting, and Mr. Duckitt would \x glad to receive contribu- 
tions from the members towards the lL(|uidation of this little debt. He 
was sure if they would take the trouble to call at the offices, No. 4, I 
Nicholas' Bnitdings, Newcaatlc-upon-Tyne, they would be ranch plea 
with the rooms, and members coming over from Siinderlaud or Hartlepc 
might find them very useful. He hoped they would take it scrioosly fa 
heart, and get this £.10 or £60 wiped off. He was also asked by t 
Secretary to call their attention to the fact that they had taken anotlu 
room in connection with their new offices, which would give inere 
valuable ncoommodatiou for the i-eiiding room. 



COU.VCIL PROPOSALS— A WHITSUNTIHE VISIT TO TUB 
FORTH BRIDGE, Etc. 
He should now mention two or three items that came before the 
Council at its last meeting. There was first the notice of withdrawal of 
Mr. R. S. White from the Council. Mr. White, as many of them knew, 
had occnpied the position of manager of Messrs. Sir W. Q, Armstrong, 
Mitchell, & Co.'a Shipyard, Low Walker. He had now gone to take the 
management of the Fairfield Company at the request of the late Sir 
Wm. Peaice. The Oonncil had appointed Mr. Thos. Millar to take hia 
pla«. 
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The Council had also decided to arran^ for the wliole of the laatitution 
to visit the Forth Bridge at Whitsuntide. He thought they would all 
agree with hira that thie wag a great work and well wortliy of a visit from 
an institution of this kind. They would, he was sure, all be benelikHi, 
and ffhitsuutide had been selected as a convenient holiday for everybody. 
He did not think it could be more profitably spent than in a visit to the 
Forth Bridge. The visit would probably 1« arranged to take place on 
Tnesday, June 11th, He wished to call their special attention to this 
proposal. They had thought of going last year, but as only twenty-four 
members out of the Institution fell in with the proposal it was abandoned. 

He ought to mention, although it was not intended to take any action 
Upon it that night, it was the intention of the Council to suggest that 
the number of Vice-Presidents should be increased from sii to nine, and 
three would retire each year instead of two as hitherto. This was merely 
for their consideration ; the question would come up for decision at the 
May meeting. The intention of this alteration was to secure as Vice- 
Presidents of the Institution a larger number of gentlemen with local 
influence to aid the Institution. It was noticed at the la^t election that 
one connected with this neighbourhood, whose influence would have been 
valnable, was lost by the present restriction. 



THE BALLOT FOR NEW MEMBERS. 

The ballot for new members having been token, the President 
appointed Messrs. J. Tweedy and J. P. Hall to examine the voting 
papers, and the following gentlemen were declared elected ; — 
MGM»EKS. 
Cow»n, M.. 22. Ckreiidoii Tisftscl-, South Shields. 

ReynddB, Ob&rles U., Ueaen. Sir W. O. Ana»trong, Mitchell, & Co., Low Walker. 
SuRunera, James, 114, Gniige Boad West, Middleibro'. 

ASSOCIATES. 
Tweedy. Oeoi^, GrBahmu Honiw, Bishop^at* Stroet, Loiidmi. 
YouiiK, Williatn M., Oibomi' Uoad, Ncwcaitle-upon-Tjnc. 

GRADUATES. 
Hilbert-de-MBtto«, James, c/o J. Dickinann, Esq., Palmer'a Hill Engine Worka, 

SnndeTlaitd. 
McRobie, Frank, WesCmnrland Terrace, Kewcactle-uiion-Tyiie. 

The adjourned discuBsion on Mr. Bergstrfim's paper " On the Struc- 
tural Strength of Cargo Steamers" wn.s then ivHiimed ; also the iiJjoumed 



178 



DISCUSBION— STRUCTURAL 



OF CARGO STGAUERB. 



dtscuaaion on Mr. Sivewright'B paper on " The Develdpraeiit of the W^ell- 
Deck Carpo Steamer," alter which Mr. J. B. Dodda read ii paper on 

"Corrosion and Pittine in Marine BoilerB." 



ADJOURNED DISOtfSHION ON MR. (i. BERQSTRftM'S PAPBR-l 
The pRBSiDBNT said he was afraid be iiad niade a misfcnke at the last | 
general meeting in Newcastle when he arranged to take the di» 
on Mr. Sivewright'B and Mr. Bei^strAm's [lapere together. He found ] 
practically nearly everyone spoke on Mr. Sivewright's paper. They | 
would resume the discus§ion on these papei-s, but separately, and (ako J 
Mr. Bergstrflin's first. 

The Secretary intimated the recepLion and was asked to read com- 
munications from Mr. L. Piand, of Paris, and Mr. A. R. Liddell. 



COMMimiCATION FROM Mr. L. PiAUII ON Mr. G. BERGSTItOM'u PAPER | 

"On the 8THUCTURAL Streugth of Oahoo Steamers." 
Mr. G. Bei^Blrom's interesting paper "On the Structural Strength of | 
Cargo Steamers," of which I haie recei\cl a copy, has induced me to lay I 
before the North-East Coast Institution the results of some calculations I 
of the same kind which have been curried on at the Centi-al Technicul | 
ORice of Bureau Veritas, in order to ascertain the longitudinal strains to 1 
which vessels of different types are exposed at sea. I venture to hope 1 
these calculations may be of some int«rost to the Institution. 

The method followed in that research was the same as that described | 
by Mr. BergstrAm. Each vessel nas considered as resting in equilibriui 
— Ist, in still water; 2nd, on the crest; and Srd, in the hollow of a I 
trochoidal wave whose length is exactly that of the ship, and whose depth, 
measured between crest and bottom, is equal to jV^'' °^ '^ length. 

The weight and displacement of every section of the vessel having ' 
been calculated, the curve of loads — i.e., of the differences between weight I 
and displacement — was drawn, then the shearing forces and bending | 
momenta were derived from it by integratinn. The latter were after- 
wards comjiared with the moments of resislance of different sections, eo 
as to ha\e an idea of the strains on various points of the vessel's length. 
This was at least done for vessels Nos. 1 and 8 (tee table). As the moet j 
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Maximum Stress in Tons 
per Sqaare Inch. 



Ck>mpre88iTe 
Stress. 



Keel 0-629 
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ml*reBtiiig reBiilt is to know where the maxiunim Btniins h'e, and what 
their magnitude is, the midship section alone wbs cnnBidcreJ in other cases. 

The cargo waa always supposed to l)e homogeneous. 

Vessel No. 1, aliout which very complete inlbrmatiou was in ray 
possession, was eiamined under varioas circunistanc&i, and gives a valu- 
able BerieB of results as to the changes which miiy take place in the work- 
ing of a ship at sea, according to the atate of her cargo. The effect of 
rolling may also be seen in the annexed table, under No. 7. For the 
latter purpose the moment of resistauce of the midship section was calcu- 
lated when nBsnming the vessel to be inclined to an angle of 15 degrees, 
and compared with the maximum bending moment, which was found not 
to vary from the upright position. The same vessel waa also sappoaed to 
retain her original midship section and draught of water, and to have the 
finest possible shape at ends, and again tlie fullest form which may be 
met with in practice, the Bcantlings remaining the same in Iwth cases. 

The results laid down in the annexed table, and diagrams on Plates 
XXIX. to XXXIV., speak for themselves; but unfortunately they arc 
not BO numerous as to allow of a definite conclusion being drawn from 
them. Still, I hope they may be usefully collected and compared with 
the results of similar calculations on other types of vessels. 

I would mention, sb being worth notice, the values of the ratio — 

■jg- (length X displacement, divided by the maximum bending moment), 

which it hae become customary to employ for checliiug the itmctural 
Btrength of a vessel. It will be seen from the table that this coefficient 
is nearly constant on a wave crest, and its value inferior to what it iiecomefl 
in a wave hollow : it is smaller, which correaponds to a heavier hogging 
moment, for uterim vfssfls with very fine lines and reduced cargo (cuses 
Nob. 6, 9. and 10), as was to be anticipated owing to the oxtrcmiticB 
of the vessel being very little supported in that position. 

The sagging moment in the wave hollow is a good deal less than the 
hogging moment on the crest, It is especially so in the cose No. 13, 
referring to a steamer with little horse-power and very large cni^go holds 
at both ends; and also in the case No. 12, from which it may bo inferred 
that sailing vessels, owing to the absence of machinery, may he con- 
structed with lighter scannings in the bottom than steamei-s. 

It is uselesfl to mention the strainB in still wutei', which are always 
very small. 

I.. PiAjm, 

Innprelor-Oeneral 1)/ Bartaa Fentat, 



180 di8c0b8ion — btbugtuaal strength of oabgo steamers. 

Communication from Mr. Arthur R. Liddell. 

Mr. Millar, at the last meeting, alluded to some experiments on 
strains undei*gone by vessels during launching and in a seaway, made 
some nine or ten years ago by Mr. Stromeyer of Lloyd's. I was present 
at some of these which were made during the launch of a vessel at Jarrow, 
and si>me details of them may be of interest to the meeting. 

Wires about 10 or 12 feet long were fixed in a fore and aft direc- 
tion in different parts of the vessel, on the floor, at tJie top sides, and 
about half-way up. They were attached to small clamps on the floors or 
frames, as the case might be, and stretched tight. About half-way along 
each wire was interposed a strong spring actuating a pointer on a circular 
graduated dial. The apparatus used was not self-registering, and the 
movements of the pointers had to be watched and noted down at each 
point during the vesseFs launch, that is, at starting, when taking the 
wator, when leaving the ways, etc. The system had not, I believe, been 
trieii before : and owing to the ship going off somewhat sooner than Mr. 
Stromeyer oxix?cted he did not succeed in taking many observations, but 
enough was done to show that the measurement of actual strains was 
portix*tly feasible, and the subject was afterwards allowed to drop, only 
Ihx^uiso neither lJoyd*s Committee nor the shipbuilders seemed to take 
any inton^t in it. 

The same irontleman invented an ingenious little instrument, in 
ap|x'aninoo something like a microso^pe, for measuring local strains on 
individual |»latts of shij^ or U^lers. It was then in its experimental 
siaiTc ^l Kliovo it was snbsotiuontly further developed) ; but it was so for 
maturvd that the ivlaiivo intensities of strains in different parts could be 
olvkrvi'd tliror.irh it. With its principle I am unacquainted, but on 
apply ing it to a tiat surface imdtTg(»in£r strain, one saw a succession of 
linos niv«\o aoivss the izlass, the number of which increased with the 
inttnsiiy if the strain. Puring a sea voyage it was found, for instance, 
that tho strain ou a slull plato just under a butt was greater than that on 
thos;imo plato a sjkuv or two funhor along, and similar relative intensi- 
tios wviY suiwssfully notixi at other i»art*i. 

Mr. IVri^triMu has pnunisi\i tv« rtinrn to this subject in a future 
]kuh r, and a> i: ;s ouo of iw,:*.]'. in:]x»nance and increasing interest to 
>b.ipl'r.'liii;>i. I \u^\k \w \\\\\ vio s- ;u mi early date, and I should like to 
siiLTCvst i\\M Mr. Stvv r.uNiv K tlun invit<-d to attond and take part in 
tho d:sonssior.. 

Aethir R. Liddell. 
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Mr. BBfiasTRdx, in reply to the dtacDeaion, said, first as to Mr, 
Aniison's remarks, that gentleman said that : " Iiooking at the various 
diagrams, he conld not help thinking that a set of tables showing the 
analysis of the paper would considerably increase the value of tlie same." 
He quite admitted that sach a table was very nsefnl as a comfiarison 
with other vessels, but as he had no similar calenlations of otiier types 
to compare the results with, he could not see the necessity of such a table 
until the paper was completed or the straining on vessels of similar 
dimensions, but different tyi)e3, were investigated. In the meantime a 
table of results of that part of his pajier read at the meeting in January 
last would be found on page 14G. Next, Mr, Aruiaon asked "Why was 
not the actual scantlings of the vessel used in the calculations?" This 
(juestion was simply owing to a clericiil error in the uianuscript, where 
the words steel and iron had been reversed, and he was sorry he did not 
notice it in time. All the scautlings of the vessel used in the calcula- 
tions were the actual steel scantlings with the eiception of tlie bridge 
deck plating and the keel flats, which were of iron, but treated as steel 
in order to make it a steel vessel in every respect. The error wonld be 
put right in the Transactions,* A third question was whether the com- 
parative safety was of iron or steel vessels. Certainly it was of the steel 
steamer treated in the paper, and he did not think the limit of safety as 
put at 10 tons per square inch for' stoel exa^erated. Mr. Aruiaon also 
asked about the allowance for rivet holes. This was done in the usual 
manner, lu the case of tension — say on the up()er deck gimwales — a 
deduction was made for the rivet holes in the uppermost part of the 
structure, treating the remainder as solid plate. The process was re- 
versed in the case of compression, This was done for several sections 
along the vessel and corrected corves laid off. The corrections for rivet 
boles arc hardly worth the trouble, and had it not been tor the mere 
matter of form would not have been mentioned in the paper. In reply 
to Mr. Millar, he {Mr. Rergstrdm) intended to carry out the calculations 
in accoMaucc with the heading of his paper comprising the principal 
types of cai^o steamers. He hoped at the same time to be able to show 
the efi'ect of a change from the upright to the inclined position. 

The President said, he thought they were very much indebted to 
Mr. Bergatrflm for the great trouble he had taken in preparing this very 
interesting paper, and he hoped that Mr. Bergstrflm would continue the 
subject and bring it before the Institution at an early date. He thought 
they might further say it was a matter of very great interest to see it 
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T* • V » r^ ii:%r-"*i Tevoitu- b«r ttid. u» Mr. STewiiriii fee hk 

•••:•-«&•.']•: '.f'li-Lr'.^ iu tAkinr i*n in lib* diacaunon : fa<?wEX€r, it 
wsi- !- ■: • i* .:::*-L:i 'L lo crhieiK: ii«: ssucscm] BOCDgili of setam, 
li r vi.: '.i !.»: pT i^A^z Vi ex3UT npon tbe im^iorLaiii qaBBOon of 
fri''.j'.':'ii] '.'iA]i!^:'.ij of tbtr Loldf. He vi^ied more pvucolariT to 
';• :;fiii<: '.;• ^^L.il:k'^ t>:< :':je ^xtnordiiLUT iiiiK*Taiac4i tikiiig place in die 
w*:il-di:f;i: •vrav-rr.- pr':*er. Mr. SiT*rTri2iii pwnied out, ditt in order to 
ofjviav: '.fj-j ::^.^."j]iv in ifimminz the earir fliuh de^ sceamerB. tJK knr 
f u i ji^y..:. -.vas iii:r>:j:%d Fig. E, PlaKr Xilll.i^ boi this rndded moce 
<%x\t^':.v* I 'J ill wjk^ rvjair&i and tiHrref'.»i>e a co!np*r:4nise ««e effected bj 
■/. r.o*. ir i:*;' -.vri 'oit t'r;*: nai^ qoan^r dt*?k and corered in bridge type 
'\\:. F, PibVr X-XFII.; -Bhiir. cr-nstitm*?* the well-d€ick ateanier f«v)per. 
'J*f>: \\>s^.''\- -''!r }.'id Tjii'ioTil't^ij beien the great champions and builders 
'/f •.'.>, lii^ri'.' i-ir tv>.' of ^jAm^z. When the Board of Trade and 
Li v'/r \vW\ v^ ^Ti-L thi* steamer ont of eiistenoe bv assigning an 
j-.'/rvirily lj:r'/*r fr»:-'vnrd, wa* :: not ag cctnclueirelj proved to them that 
\\j: w-r-'io^kf-r wii- >»rvor,d all d>ubt not onlr the most snitaUe bat 
\\a: -•/'>!. -t";iT::'.r afloat ? One of the p»rincipal modes of compariaon 
v.a- -;••■., li;;- a steamer built to the ** Thr«r-T>eck Rnle" (Lk>jd*s) 
\,>A ai: \\/'Ai.V:.'2 i-'jor- :avoT:nib!e freeVy:»ard assisrned relative to the dead- 
•.v'j^rLl rarrivi than Lad the well-decker, although the well-decker 
hl//A</] jr'jcJi </xc'.-ptio!jal immuniiT from l«>ss as compared with a steamer 
hu ;jt t' ' t he " TLr^r',-I >*.<k Rule." The Bciard of Trade and Llovd's accepted 
the ^vid^^JC•e \\wm'\ l>ef'ore them, and it mieht be in the recollection of 
rr.aijy h^re jin-.s'rijt tli.it Mr. Martell stat^i^d at the Hartlepools' meeting — 
*' \\i; l/li';vf:'i th': welUIock Steamer to be the safest steamer afloat.'^ 
'J'h^- wj'/hry ^rvideuce that was the taming: f»oint of the Load Line Com- 
Hiitt/-^-, iJoanl of* Trade, and Lloyd's was from statistics compiled bj Mr. 
V';'yiijan -aIj'^ rjrf^k'j ai the last m-etinir— and he 'Mr. Fotliergilli said 
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with his authority that those atatiatica were foanded on the early type of 
well-deckera shown by Fig. F, Plate XXIII., i.e., the raieed quarter deck, 
ooTered in bridge ending a little forward of the stokehold bulkhead and 
the raised forecastle. Now, what he {Mr. Fothergill) wanted to know waa 
tliis: — Why, after all this anxiety, worry, and trouble to prove the wonder- 
ful efficiency of the well-decker, they were now doing their best in the 
shortest possible time to obliterate it out of existence? First, they raised 
a short poop aft, then extended the bridge forward, so continued extend- 
ing the bridge till they had only a ■' gap " left between the bridge and 
forecastle, and there waa one steamer now building in which this "gap" 
waa to be covered in by an awning deck. He was somewhat curions to 
know what she would be called, surely not a well-decker ? The produc- 
tion of this new type of steamer appeared to him to be inconsistent with 
Mr, Sivewright's views of an ideal steamer, i.f., a steamer that would 
have both holds of the same cubical capacity, fill herself with homo- 
geneous cargo and be in trim, and Mr. Sivewright had told them the 
steamer he shows (Fig, F, Plate XXIII.) does this. Again, Mr. Sive- 
wright had told them the full poop steamer gave too much capacity aft, 
and that the raised quarter deck just met the essential capacity necessary 
to safety and commercial success. Would Mr. Sivewright say how he was 
going to fill this covered in well and maintain the trim ? Did not this 
covering in of the well add to the dead-weight and register tonnage ? So 
far as he gathei'ed from the paper, Mr. Sivewright's answer to this 
extraordinary incongruity was that the present so-called improved 
estended bridge type of weli-deck steamer was designed to take the 
greatest possible advantage of the Load Line Committee'a tables. As to 
the wisdom of such a course the future would tell. Well, he supposed 
in the general course of things they would go on improving, and as they 
had already improved the forward end by covering in the "gap" with 
an awning deck, which they might soon expect to find permanently closed 
in, tbey should have to tarn iheir improving attention all, and level up the 
raised quarter deck and so join poop and bridge ; another small step and 
they had the flush deck steamer, which, it was asserted, had been shown 
to be incomparable for efficiency and safety to the well-decker proper. 
How waa it the well-decker had proved such a safe steamer, wherein was 
her special virtues? Certainly not in having the well, but he should say — 
and he had had some e.vperience in them — that the seci-et lay in the 
happy proportion of beam to depth of hold, and tliat they fairly filled 
themselves with homogeneous cargoes, carried doad-weight cargoes in the 
best possible position relative to the centre of gravity, and that tbey had 
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no 'tween decks. Of coarse he aDnded to the weHnledcer proper, for 
some of the so-called improved shaDow dranght weH-deekerB rolled nn- 
mercifollj and cansed considerable straining, and therefore most 
necessarily reqaire stiffening and sUengthening. Did Mr. SiTewright 
agree with him in this explanation ? Wonld he exjdain as a naval 
architect why a flush deck steamer if properly proportioned in beam (o 
depth, and capacity of holds arranged to give the desired trim, why she 
would not be as safe and commercially as efficient as the well-decker, 
and more particularly so as to the so-called improved type of wdl- 
decker ? This occasion appeared to him to offer a fitting opportunity to 
draw the attention of the Institution to the grievous mistake they were 
making in the scientific and technical education of their yonng men. He 
would suggest that the President of this Institution represent to Pro- 
fessor Gamett, Principal of the Durham Collie of Sdenoe, Newcastle, 
that instead of establishing a Chair of Naval Architecture, a chair should 
be established to teach and show how to manipulate to the best com- 
mercial advantage, Lloyd's Rules, the Board of Trade requirements, and 
the Load Line Committee's tables. 

Captain Petersen, Hartlepool, said, Mr. Sivewright, in his very 
interestiug paper on " The Development of the Well-Deck Oargo Steamer," 
explained the reasons why such a class of vessel was introduced. He 
Btated that a ship was wanted in which the cubical capacity of the after- 
hold was equal to the cubical capacity of the fore-hold, and that the raised 
quarter deck ship was expressly designed to meet this want. When they, 
however, rememl>ered that the early built well-decker, of moderate size, 
had, as a rule, one hatch to her after-hold and two hatches to her fore- 
hold it was difficult to understand how such a division could have beeo 
desirable if dispatch in discharging was considered. Messrs. Herskind A 
Woods, West Hartlepool, the firm he had the honour to serve, managed a 
fleet of steamers, of which fifteen were well-deckers, built in West Hartle- 
pool, Hartle[x>ol, and Stockton, the first in 1871 and the last in 1888, 
and no doubt these ships fairly represented the practice of builders at the 
time they were built. In the earliest of these ships— the "Dania," 
built in 1871— the fore-hold had a cubical capacity 59 per cent, larger 
than her afrer-hold. In the "Cornelia,'' built in 1872, the fore-hold had 
a cubical capacity 54 per cent, larger than the after-hold, and in the 
*' Hecla," built in 1874, the fore-hold had a cubical capacity 35 per cent. 
larger than her after-hold. From these figures it appeared that the 
division of the ship's cubical capacity in two equal holds was not the aim 
of the early well-deckers. These three boats had, when loaded with a 
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homogeneous cargo, and in trim, room nnoccnpied in their fore-holda for 
not above 10 tons of eargo, and were, from an owner's point of vie^T, as 
near perfection in this respect as could reasonably be espected. In the 
later built ships — the" Hilda," built in 1880 — the fore-hold had a cubical 
capacity 9 per cent. larger than her after-hold, and In the " Brcnda," 
built in 1881, the fore-hold had a cubical capacity G percent, larger than 
her after-hold. But these two boats had, when loaded with a homogene- 
ous cargo, and in trim, room unoccupied in their after-holds for about 
iQ tons of cargo. From these figures it appeared that although a 
steamer's cubical capacity was divided in two equal holds, it did not 
therefore necessarily follow that she would be in trim when filled with a 
homogeneous cargo. Mr. Sivewright's next argument in iavour of well- 
deckers was aea- worthiness, or the immunity from ahiiling their cargoes, 
enjoyed by them, and to impress this more strongly upon them, he gave 
an illaatration (Fig. D, Plate XXII.). Now, the tendency to shift, for 
instance a grain cargo in bulk must necessarily be the same in all single 
deck ships, whether flush or well-deck, provided always, of course, that 
their dimensions are eijually stable. In a double deck steamer the bulk 
cargo of grain was carried under precnsoly the same circumstances as in a 
single deck steamer, either flush or well-deck. Shifting boai^ds and grain 
feeders of 2 per cent, capacity were fitted in all of them, as per the Urain 
Act, and as the Boai'd of Trade when fising this 2 per cent, capacity 
naturally had a margin of safety they might assuEne that a grain cargo in 
bulk might settle about 1 per cent., and with a ship safely loaded there 
was little, if any, danger in this. As for the bag cargo carried in a ship's 
'tween deck, he need only remind them that hundreds of bag cargoes 
were brought annually from the East in all typesof ships, but he wa« not 
aware that any of them hod come to grief through their cargoes shifting. 
A bag cargo did not, as a rule, shifl in a ship properly and safely loaded. 
In connection with this Mr. Sirewright saya there is good reason to sup- 
pose that a large number of 'tween deck steamers were lost through no 
other cause than the shilling of their cargoes ; but authorities on the 
subject had not yet agreed upon a reason why those steamers were lost. 
Some thought their loss due to the act of God, others thought the Board 
of Trade had neglected their duty ; some blamed the ships and others 
the stevedores, and there were even people asserting that owners were 
not in all cases free from blame. His opinion whs that those steamers 
were not lost because they were 'tween deck stcumers. In comparisons 
between the different types of steamers tu sliow their relative sea-wortlii- 
nesB no account had, as lur as he knew, l>ceu tiiken of xhipK lust thiuugh 
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preventible causes. Assuming, for instance, a steamer was lost, and it 
was afterwards proved that her loss was due to being grossly overladen, 
or assuming another steamer lost, narrow and deep, and loaded with 
barley, for instance, and it was proved her loss was due to want of 
stability, then he considered both losses preventible. Surely the tjpe of 
ship had nothing to do with these losses, and he submitted that sudi 
cases should be excluded from comparisons for sea-worthiness, if such 
comparisons are to be relied upon. The reason of the saccess of the 
well-deck cargo steamer was, he thought, very concisely stated by Mr. 
Martell at the West Hartlepool meeting last year, when he said, '' the 
well-deck cargo steamer had solved the problem of carrying a ton of cargo 
a given distance at the least cost." The well-deck steamer was cheaper 
to build, she was cheaper to work with grain cargoes in bulk than a 
'tween deck steamer, and she had certainly proved herself — when of 
moderate dimensions— as seaworthy as any other type of ship, and for 
these reasons was deservedly in favour with owners. As for the large 
well-deckers carrying, say 4,000 tons dead-weight or more, it seemed to 
him that they must in time develop into spar or awning deck ships if 
they were to carry iron ore or other heavy cargoes, as the want of a 
'tween deck was very much felt in them when so loaded. It was, as 
they were all aware, a factor in sea-worthiness that the weight a ship 
carried should Iw placed in such a position as to ensure as easy working 
as possible when in heavy seaways, and he would leave it for their con- 
sideration whether any strength in the structure could completely com- 
pensate for a lack in this respect. A good many large sailing ships 
were lost years ago Ixjcause their cargoes were improperly placed, and the 
ships on account thereof too stiff. What he wanted to explain was, that 
a steamer when loaded so as to make her too stiff in a seaway — as the 
large well-deckers were apt to be when loaded with iron or ore — was 
unaeaworthy as well as if she were too tender, and no strength in the 
structure could completely compensate for this. Besides this the great 
depth of their after-holds prevented them from carrying with safety all 
case and barrel goods, in fa^jt any cargo that could not stand the great 
pressure the bottom tiers were exposed to. 

Mr. Geo. N. Aunison, Jun., did not know whether the information 
that he could add to the discussion would be considered so valuable as 
that of the previous speakers, but in regard to the historical part of the 
subject of the developuient of the well-decker, although Mr. Sivewright's 
l)ai)er was extremely interesting and instructive, yet, neither in it nor in 
the subsequent c(»ntributions to the discussion, had any mention been 
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made of two different formB of nell-deck Bteamera. Tbe first to which 
he would call attention were known as raiecd fore deekera. He did 
not know exactly how many of these vessels were umstrncted, but three 
had been built on the river Wear about eeveiiteen years ago by Measrs. 
Osbonme, Graham, & Co., North Hylton. A number were also eoiistructed 
at Hull, by Messrs. Humphry, Pearaiin, & Co., and probably there were 
others. 

Mr. SivEWTiioHT — About fifteen altogether. 

Mr. Geo. N. Arnison, Jun, — He thought in connection with a jiaper of 
such a high character, dealing in most rcBpecte so fully with the develop- 
ment of the well-decker, that it was only fitting that it should be reeorded 
that the raised fore decker had been in vogue. Probably some description 
of it would not be out of place (Fig. N, Plate XSXV.). This type of vessel 
differed from the ordinary lon^ full poop aud topgallant foreca.sHe class of 
vessel, as shown in Fig. E, Phite XXIII., as the main deck from the fore 
end of the long poop front (slightly forward of amidships), was raised two 
feet or thereabouts above the ordinary main deck line, and nt this raisetl 
line was carried forward to the stem, the ordinary toj^llont forocnstle 
being erected above tbe raised lore deck. At all events, this was the 
arrangement of tbe vessels constructed under his personal observation at 
North Hylton. Possibly in other vessels, the main deck nt the extreme 
fore p.nd under the forecastle was dropped to the normal line. Owing bo 
the break occurring at sach a crucial point, as about amidships, 
special compensation was riH}uired by the Committee of the Under'writere' 
Registry for iron vessels, with which these vessels were solely classed, 
Tbe main sheerstrake was locally doubled, with one plate 20 or 2-1 feet 
long. The fore main deck projected abaft the poop front C feet at the 
centre and V2 or 14 feet at the side, and the fore and after main decks, 
both of iron, were united together by a number of girders. These were 
the main features, but probably some other member would be able to add 
further dtita, more especially as to vessels of this type built elsewhere. 
Well-decked steamers hud also been constructed, at all events on the 
river Tyne if not elsewhere, in which iu addition to having a raised 
quarter deck, hurricane or bridge house, and topgallant forecastle, as 
shown on Fig. F, Plate XXIIl.. there was also on the raised tpiart«r deck 
an ordinary full poop. These vessels were specially designed with a view 
to being engaged iu the cotton and similar trades, and iu cousidenug 
the present subject, should not be overlooked, more especially as they 
were liable to have u deficiency of stability. He (Mr. Arnison) hml 
taken out the centre of gravity and the transverse nietaueiitre of one of 
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thoBe vessels, loaded with cotton, and found that the height of the meta- 
ceiitre above tlie centre of gravity was nearly nil — and even n-ith the 
whole of the ballast tanks full, there was no great motacmitriu hi<tt;hl. 
Previous B[jeakerH had made coDsiderahle reference to what are called 
iinproveil we II -deckers, bnt lie (Mr. ArniBon) did not think this portion 
of the subject had been eihausted. In Sunderland, the previous wc«k, 
a vessel had been launched which had the poop extended to the foreoaBtlo, 
or, as he preferred to call it, with a continnons fore awning deck, from 
the after end of the engine room to the stem. This was in reality 
annihilating the well-deck altfjgether, as they could scarcely consider 
a vessel deserving of the name of a well-decker when there was only 
a shallow well on the quarter deck. It was difficult to understand 
why ehipbnilders and siiipownera were building such a type of vessel, 
unless it were to obtain advantage of a lessened freclward. It should, 
however, be remembered in obtaining this doubtful benefit, they were 
adding considerably to the registered tonnage of the vessel ; and, farther, 
that with very few, if with any, cargoes, they could completely utilize the 
additional enclosed apace. One of the greatest benefits obtained in the 
well-decked steamer proiicr had not been distinctly mentioned, although 
doubtless it might be considered to be inferred in Mr. Sivewright's paper. 
When one of these vessels shipped seas over the forecastle head, or on the 
beam abaft the end of the forecaatle, the power of the waves was ex- 
hausted by coming into contact with the bridge or hurricane house 
iront, etc. The existence of the forwai-d well was thus a decided 
advantage. On the contrary, in steamers, c.'/., with spar and awning 
decks, l:he head seas hod, comparatively speaking, an unbroken course, 
and not uiifrequentiy the decks were swept of all boats, pear, etc., and 
even sometimes of permanent fittings Experience of this character, on 
the North Atlantic had led the owners of lai^e mail steamers to imitate 
to some extent the well-decker. Until the R.M.S. " City of Berlin " 
was built, the Inman liners were commonly flush decked. The U.M.8, 
" City of Chester " and the R.M.H. " City of Richmond," constructed a 
year prior to the first-mentioned vessel, had originally no toj^allant fore- 
castle, although the " City of Berlin" had. It was only in 1882 that 
tojigullant forecastles ^erc added to the older vessels, although experience 
had long previously shown their necesaiLy, Most, if not all, of the White 
8tar liners were built with raised forecastles, provided with deep break- 
waters at their ends, on which the fury of the head seas could he siwnt. 
A further imitation of well-deckers in the latter vessels, as also in tlic 
K.M.^. " City of Rome " and more recently-hutlt steamers, was the pro- 
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Tision of ft tartle back aft, in reality a modified poop. Now, no donbt 
none of these mail steamers came within the designation of well-deckers 
proper, but it is evident in thiiir design some of the good points of that 
formerly much abused class of Noith-Eaat coasters were eitlier designedly 
or nndeBJgiicdly appropriated. After careftil reflection it didapf)earto 
him {Mr Aroiaoii) that the present tendency to dispeiiao with the fore well 
was a retrograde st^p, and he for one should certainly not advise a ship- 
owner to have one of the latest so-called woll-deckcrB. There was only 
one other part of Mr. Sivewright's valaable paper he would reter to, and 
that WHS as to the nse of Z secticuB for combined frames and reverse 
frames. Evidently by its adoption there was a saving in manual or 
machine riveting, and ua alt such saving of labour tended to cheapen the 
production of vessels, its extended application appeared to be highly 
advisable. 

Mr. J. Johnson said, it was not hia intention to take i>art in Uie dis- 
cnssion on Mr. Sivewright's paper, but, in the absence of Mr. Joseph L. 
Thompaon, Jim., who was unable to be present owing to another engage- 
ment, he had lieen reqnested to ex]>laTn the drawing, Fig. P, Plate 
XXXV. The filling in of the well forward hud heen criticiBcd during the 
discussion ; Messrs. J. L. Thompson & RonB having built several vessels 
of that type, the reports received from the owners and captains wei'e most 
satisfactory, and no complaints had been made agiiiust the sea-going 
qualities of these vessels. There was, however, in the modern well-decker, 
the after well which was a serious objection on account of the quantities 
of water shipped dnring severe weather, and in this design exhibited 
(Fig. P, Plate XXXV.J an improvement was suggested to overcome these 
objections. The main deck was continued aft instead of forward and 
covered in with a long fidl poop. The main deck forward was raised in 
way of the main and fore-holds as shown. For stowage purposes the 
main hatcii possessed many advantages, which with the extended bridge 
as hitherto was very difficult to obtain. The objection to the well 
forward was chiefly on account of its depth, this would now only be half 
the depth. Another advantage was that with any kind of cargo there 
would be no difficulty whatever in trimming the vessel. He thought Mr. 
Sivewvight had placed too much inijiortaiice on the permanent iron shift- 
ing boards in giving additional longitudinal strength ; as these bulkheads 
were not continued through the hatchways they coold only give local 
support. He would alsii ask Mr. Sivewright if he did not find any 
difference in sagging between ships built with ordinary bar keels and 
oentre through keelsons. Messrs. Thompson had also made a series 
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tests of the kind luentioned by Mi'. Sivewright, wnd their experience 
showed tlint tthipe fitted with a centre ttirough keelsons were more rigid 
than if built with ordinary bar koelB. 

Mr. SiVBWBioHT, in a-ply lo the discussion upon his paper, said, 
witii reference to Mr. Wigham Richnrdson's remarks, he quite n^Teed 
with him when he stated that a ship ought to be considered as a girder, 
the sides of the vessel l)eiug really the girders it depended upon the depth 
of these sides how much a ship could stand the wear and tear of carrying 
heavy cargoes. 

The breaking of the continuous line of main deck stringer platea 
in way of the raised quarter deck did not weaken the girders or 
sides of the vessel, but to prevent any local weakness in tlie iron 
deck at Ibis point extra local stiffening was arranged for. He 
galliered from the discossion that considerable importance was placed 
upon the fltting of intermediate decks; at the same time he thought 
shipbuilders as a rule were too ready to accept the idea that the only way 
to strengtiien ships wbs by fitting intermediate decks. 

He maintained it was possible to build raised quarter deck vessels of 
large dimunsions without intermediate decks, providing the sides of the 
vessels were made strong enough and well backed up by web-framea and 
intercostal stringers and with the holds divided by a sufficient number of 
bulkheads. Of course large vessels of thi8di«igu might not be quite suit- 
able for fragile general cargoes, biit would be admirably adapted for dead- 
weight, bulk, and bale cargoes. The contention of North-Bast Coast 
shipowners was, that if intermediate decks were not necessary for their 
trading and the strength of the structure could l)c maintained when 
dispensing with these, it would be to their advantage to do so, and 
he thought it had been amply proved that such an arningement could be 
carried out. 

The immimity from foundering of raised (]uarter deck vessels was due, 
in a great measure, to the large amount of reserve bnoyaucy that these 
vessels {tossessed, and this wa« got by the addition of the topgallant fore- 
castle, bridge, and raised quarter deck. By having these erections the 
height of platlbrm above loiidline waa increased, and was of great benefit to 
the seamen in working the vef«el. As regards stability, the length of the 
righting lever was also increased by these erections. Whenever a flush 
deck steamer was so inclined that the upper deck touched the water, she 
then began to lose her righting qnalities, but with the well-deck steamer 
under the same conditions there remained the reserve range of stability, 
duo to the addition of the topgallant forecastle, and other erections. 
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Mr. Richardson appears to consider the fore well to be of no import- 
ance to raised qaartcr vessels. It has always been the contention of 
shipowners and those who command these vessela that the well was of the 
greatest use, and this was experienced when the vessel shipped heavy seas 
forward, these being confined to the ibre well, expended their fnry npon 
the front of the bridge. 

Several members liad spoken in favour of the flush deck type of 
vessel, but if this class is intended to be loaded down so that the dead- 
weight approaches somewhat near the cubic capacity of the liolds (as it 
is in the raised quarter deck type of ship), to make these vessels safe 
at aea, lie thouf,'ht it would be generally admitted by captains that the 
addition of erections at each end and amidships would be necessary to 
enable these vessels to complete their voyages withont serious deck 
damage. 

He was sure that Mr. Pothergill and Captain Petersen would agree 
when he stated that the design of a steamer was not altogether left to the 
shipbuilder, and that many circumstances arose from time to time that 
influenced these designs one way or another. There can be no doubt 
that to get the most siiccessfhl cargo steamer they mnst have one with 
low capital, good earning power, and not to overlook in the design to 
combine these qualities with the greatest safely to the ship and crew. 
He contended that these featnres were admirably carried out in the old 
form of well-deck sceamcr. In this type the dead -weight carrying capacity 
approached nearer to the cubic capacity of the vessel than any other 
design, and this was one of the secrets of its hucccbs. 

The introduction of the long extended bridge type was not due, in a 
shipbuilder's opinion, to any advantage that this class of vessel would 
have over others as regards sea- worthiness, but in a great measnre to the 
action of the Board of Trade authorities. The great increase of free- 
board they required for the old well-deck lype at that time prevented it 
from being built, and ownera wanting to build ships resembling this type 
were induced by the fax'ourable freeboard granted to the long extended 
bridge design to favour this class, but it ought to be clearly understood 
that whenever they got a cargo vessel approaching to the design of the 
flush or double deck type the same troubles wonld be experienced that 
the original well-deck type of ship was intended to obriate. 

They could not have a belter illustration, bearing out his remarks, 
than the action of the firm with whom Captain Petersen and Mr. Fother- 
gill are connected. For a number of years they traded with well-deck 
steamers, they then went in for double deck steumera, and he noticed 
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that during the last fonr rears they hod entirely abandoned the doabtp 
dock type, and all their new vessels built, and now bnitding, were of the 
nell-deok de«gn. 

He did not agree with Captain Petersen when he stated that the larga J 
wo 11 -deckers mast eventuatly develop into B[iar or awning deck Bhipa.1 
They must bear in mind that the trade of the world was a dead-n 
bnik trade: that is, some kind of grain, coal, or cai^oes of this natnre, i 
not neceasarily requiring an intermediate deck. 

Sereral nf the speakers had argued that the reason why well-deckew 
were htiilt wiis that they were cheaper to construct than double deck ships. 
Of courae there could he no denying this, bat if this type of vessel did all 
the work required in the dead-weight trade, then why should shipownen J 
be asked to build double deck vessels which would be unsuitable for tbeirl 
trading ? 

The design of the raised main deck vessel, as mentioned by Mr. Ar> I 
nison, waa not a GUcccssful type of the well-deck cargo boat. There I 
were only a few of this type built and several of these were lost, and thii I 
loM was thought to be caused in a measure through want of height (tf I 
platfbnn, or in other words, too little stability. This class of veesel | 
ftpproached too near the deeply laden flnsh deck type of ship. 

He quite agreed with Mr. Amison when he stated that the filling in I 
of the fore well in the long extended bridge type of vessel, making the I 
veesel awning deck forward, was a retrograde step, that is if the ship was I 
lnadtd detjvr throi^fa this fitUng in, for with other faults they would tLoa I 
have the old complaint of expense in having to bag a large portion of tlie f 
grain cai^oee from the Black Sea ; he thought it would also only be a 
qaestion of time when sliipowners would have to consider the adviaa- 
bility of putting a topgallant forecastle and anotlier bridge on the top of 
these aemi-Hwntiig deck ve*«el8 for the better protection of the vital J 
openings of the ship. I 

In reply to Mr. Johnson, if the iron grain divisions conld be carried' 
in one continuous line fore and aft this would certainly give a very strong 
cenlwl siipporl to the stmolnre of the v^sel, but on account of the 
hatchwRT openings the increase of strength of the divisions to an extent 
was locij, hul he thonghl that Mr. Johnson would agree with him that 
a!(hough this was so, j-et the divisions as fitted were of considerable ad- 
vftnt<^ to the stpiftupe. The centr<' through plate keels were certainly 
stronger in every waj- ihsn the ordinaij bar keel. In sighting lately a 
number of lai^ well-deck M«imcre. and csiwially one that had an iron 
cargo, with l>imkem.or4.S(WtonK all told on boanl, the depth moulded waa 
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right to within a fraction of an inch, and he considered this was due in a 
great measure to the many special features that had been lately introduced 
into this design of vesBel. 

The BtatiBtica supplied by Mr, Yeoman very forcibly proved Iiow small 
the loss of life is in steamers, considering the enormous amount of mileage 
these vessels steamed in the year, and more especiiilly when collisions and 
strandings due to fog or stress of weather are taken into consideration. The 
only way he (Mr. Sivewright) could suggest to keep the flash double deck 
type ofship sea-worthy would be for the Board of Trade to rigorously insist 
that no bulk grain should be carried in 'tween decks, and if some of 
these vessels were of good enough proportions to have a forecastle, bridge, 
and poop fitted, these erections would certainly be of great assistance 
to them, but if the proportions were so had as not to allow of these 
additions, the only remedy then would be not to load them so deep, and 
thus admit of more height of platform and cousequently greater sta- 
bility. Mr. Yeoman may rely upon shipbuilders when building large 
single deck vessels of the raised quarter deck type that every care will be 
taken in making them strong enough to do their work, and this can be 
done without the fitting of an intermediate deck ; and, as Mr. Macoll 
states, should these vessels get very large it would be an easy matter to 
put a tier of strong beams in the holds without laid deck to assist the 
strength of the structure. 

Mr. Scholefield appeared to consider that the aae of long plates in the 
constractiou of vessels was not altogether advantageous from an under- 
writer's iK)int of view, but it ought to be taken into consideration that if 
these long plates were damaged they could be butted in the middle if 
necessary, and then would not be worse than the old style of plating with 
short plates. It ought also to be looked at Irom another point of view, 
viz., the enormous amount of strength gained by having a smaller number 
of butts in the structure. The dilference in using plates averaging in 
length 24 feet instead of 10 feet after, making a liberal allowance for 
short jilutus at ends, is something tike a reduction of 40 per cent, in the 
butts of the vessel — a greiit advantage, as the^ butts ai'e all breaking 
points, supposing the vessel to be stranded or straining at sea. 

The WTiter, in reading his paper before this Institution, endeavoured 
to specially bring to the notice of the members the benefit in strength 
to be gained by the more general adoption of the web-frame and cellular 
bottom principle, and be is convinced that if this system of construction 
was more encouraged by underwriters very many more steamers would be 
salved from stranding than iu the past. Some very special cases of 
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salvage of vessels consfcrueted on this principle had come under his notice 
lately, such as the floating of the large steamer "Beresford," loaded with 
railway iron, and stranded for fourteen days on Hashro' Sands, the S.S. 
** Vulcan" from the Comino reef upon which the ill-fated "Saltan" sank, 
also the salving of the S.S. "Merida" from the coast of Ceylon, now in 
graving dock undergoing repairs, and of which vessel several members of 
this Institution have had the opportunity of inspecting. The way this 
latter vessel has stood the enormous amount of battering and straining 
on the rocks for a considerable time was a conclusive proof that long 
plates and the wcb-f rame and cellular bottom principle were very tar in 
advance of any other form of structure, and was also a very practical 
testimonial of the superiority of steel over iron for shipbuilding purposes. 

The PiiESiDENT said, he was sure he only expressed their feelings and 
sentiments when he said they were all very deeply indebted to Mr. 
Sivewright for his very valuable paper, and that they would accord to him 
a very hearty and cordial vote of thanks. They had not only had a most 
valuable paper ; but they had had, perhaps, the most interesting dis- 
cussion on well-deck and cargo steamers that had ever taken place in any 
institution. He was quite sure this discussion would make the Transac- 
tions of this Institution much more valuable even than they had been. 
He moved that they accord to Mr. Sivewright a very hearty vote of 
thanks. 

The vote was heartily accorded. 
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The <]ueotion of hoiler corroBJon and pitting is one that has had the 
writer's proressional attention and conBideration for some Tew jeara; and 
alttiough he is Bomewhat conversant with the many theories and practical 
eiplanations ao ablj propounded in pajiera read before the various 
scientific bodies of this country, yet it appeared to him that ttie chemiatry 
of corrosion as investigated by himself would be of interest to this 
Institution. 

It was not his Intention to propound any startling theories, but to 
lay before the membei-s the simple and plain facte he has observed, and 
the deductions he has drawn therefrom. 

On examination of corroding lioilers, those parts seriously affected 
are generally found devoid of the nsual hard protective, "sulphate of 
time" scale, and in exceptional cases the whole of the boiler is perfectly 
free from this scale, the various pai'ts l>eing covered with a red, or even a 
black coating of ii soft matter, frequently slimy in character. Much of 
this matter is found on the upper portions of the boiler in the form of a 
froth, while the rest is deposited on the tubes, combustion chambers, or 
settles to the bottom of the boiler like mud. 

Attention is pai'ticularly drawn to the chemical composition of this 
deposit; the following analyses may be taken as feir averages of the many 
samples the writer has examined and analysed: — 

D«p«IMl] ■! twttuffl Frum (o(i ul 



Ferric oiide 

Calcic siiliiluitu 

Calcic oiidc 

Hagnwic oxide 

Zinc oiide 

Saud, etc , 

Oily organic atud, combia«l with cLu ferric, 

calcic, and magnecic oilidca 

Free uncomblned oil 

Water , 

Total 
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In some cases this oily combined acid has amounted to 20 and even 
^5 per cent. 

On examining these deposits one is struck with the curious &ct that 
they contain a very large percentage of magnesic oxide in an insoluble 
form, and also with the fact that they contain a very considerable amount 
of oily organic acid, and that this organic acid is in combination with 
the ferric, calcic, and magnesic oxides. The presence of this insoluble 
magnesic oxide compound at first sight appears unaccountable, and causes 
us to speculate as to where it comes firom, because sea water only contains 
magnesia as either sulphate or chloride, both of which salts, especially the 
chloride, are exceedingly soluble, and are not, as sulphate or chloride, 
capable of forming an insoluble deposit. Indeed, in one gallon of sea 
water only the 98'7 grains of calcic sulphate and the 2*8 grains of calcic 
carbonate are capable of forming permanent insoluble deposits on boiling 
and evaporating. All the other constituents are very soluble, and simple 
boiling and evaporation, to the extent carried on in a steam boiler, would 
only make the solution stronger without causing their deposition in an 
insoluble form — that is, supposing no other influences acted on them at 
the same time. It may be asked, might not the river waters with which 
the boilers are filled when in port furnish this magnesia ? But river 
waters do not contain magnesia salts as a rule, but are surface waters 
containing principally calcic sulphate; therefore this magnesic oxide of 
the deposits must be derived from the chloride and sulphate of the sea 
water. 

There is also the other fact noticeable in the analyses of these deposits, 
and that is the very considerable percentage of " oily organic acid " pre- 
sent in combination with the ferric, calcic, and magnesic oxides, and this 
orj^nic acid is derived from the mineral oil used as " cylinder oil " in the 
cylindei-8. It is generally stated that these oils are hydrocarbons, there- 
fore not capable of saponification, and that they do not afiect metallic 
surfaces. I'his is correct as applied to these oils in their natural state, 
then alkalies do not affect them or form soaps, nor is copper or other 
metals tarnished or corroded, even after being immersed in them for a 
considerable or indefinite length of time; but it is incorrect as applied to 
these oils, when exposed to the influences and conditions existing in the 
high-pressure cylinder of an engine working at such a pressure that the 
temperature is higher than the " vapourising point " of the *' cylinder 
oil " which may be in use. All these oils are capable of oxidation, other- 
wise they would bo incombustible; and placed under sufliciently favour- 
able conditions for oxidation, such as very extended surfaces exposed to 
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the action of steam of anfRciently high -pressure, and therefore tempera- 
ture, to reduce a portion of the oil to a vapourons state — and these are 
the conditions exiBting in engine cyHndere, particularly in the high- 
presanre cyh'nder of a triple engine — nnder these conditions these oils 
will l)ccome in part decomposed and broken «p, producing eorapounda 
different from the original oil put into the cylinder. These compounds 
pa? forward with the steam, and gradually work their way tiirough the 
condenser into the boiler, and so introduced into the boiler are capable 
of combining with bases such as ferric oiide, calcic oxide, or magnesic 
oxide, as is proved by the constituents of the deposits already mentioned. 

Oil merchants and manufacturers will state that their particular oils 
have a " vajiourising point " of over 600 degs, Fah.; it has even been 
serionsij contended that the " vajiouriBing point," or that jwint when 
vaponrs become apparent, is at a higher temperature than is the flash 
point. The writer has examined very many of the standard cylinder oils, 
and can say that the majority of them, as supplied to ships, vaponriw or 
show vapour when heated to under rather than over 280 degs. Fah., and 
flash at nnder rather than over 450 degs. Fah. 

Seeing that 160 lbs. preesnre is not now considered an extraordinary • 
pressure, and that the temperature of the st«am at this pressure is 363 
degs. Fah., it is not difficult to imagine that much vapour is gjven off 
from such oils when used at snch temperature, and as this giving off of 
vapour indicates the decompositiou or change of the oil, the amount of 
such decomposition may be estimated therefrom. 

Having pointed out these two peculiarities, let ua take into consider- 
ation what it is that takes place in a steam boiler supposing the surfaces 
of the raetal to \m unprotected by scale or by artificial means. The salts 
of the sea wat«r, especially the magnesic chloride, causes the water to act 
chemically on the exposed metallic surfaces. This chemical action takes 
place at ail temperatures, and in water of all specific gravities, hut is 
greater at a high temperature than at a low one, and also greater the 
higher the specific gravity or more degrees the water indicates on the 
salinometer. The result of this chemical action is the oxidation of the 
exposed surfaces of iron, but more especially of steel. This oxidation or 
chemical action at the same time produces electricity, as chemical action 
always, does. When this oxidation takes place in a cold solntion, the 
electric tension exhibited is slight, even though the chemical action be 
considerable. Though this tension docs appear slight so far aa instru- 
ments show it, yet in fact the amount of electricity produced is propor- 
tionate to the amonnt of chemical action, but as both the metal and the 
water are conductors and remaining in contact, the greater part of the 
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oppoaite electricities produced recombine and ncutraliae each other ns fiisl 
OS they are Beparnted. But if this cliGinical action or oxidation takes 
ploce at a high temperature, as in a steam boiler, this recombination does 
not take place to the same extent, and the salts of the sea watfir beeoms 
electrolysed or decomposed by the electricity, their bases combining with 
the "oiiy organic acid" produce the deposits fonnd in the corroding boiler. 
As these bases of the sea water combine and are neutralised by these 
"oily organic acids," there is liberated an equivalent amount of the acid 
of the sea water salt, which helps to still further inci-eaae the corrosion. 

These reactions take a considerable amount of tinje to state, but in 
fact they all take place nearly instantancoosly, and this, the writer 
conaiders, is tlic reason why corrosion is attributed to electric action, 
whereas really tlie electric action in a steam boiler is due to the chemical | 
action of the water on the metal of the boiler. 

A Tottaic couple which may consist of, say a plate of zinc and a plale 
of copper immersed in a bath of dilute sulphuric acid, the two plates being 
connected outside the liquid by a wire, chemical action is set up, and 
electricity produced in exact proportion to that action. The chemical \ 
' action causes the electricity not the electricity the chemical action. The { 
same state of things exists in a steam boiler, there is corrosion or oxidation 
of the iron or steel exposed surfaces by the sea water, instead of the i 
corrosion of the zinc plate by the dilnte sulphuric acid. The sea water i 
acting in its degree as the exciting liquid to produce chemical action and 
so electricity. 

There are two ways of stopping this corrosion, one by rendering the 
water non-exciting, and the other by taking advantage of a law or fact 
olwerTed in electricity, which is — that when two elements or metals of 
dissimilar characters are immersed in a liquid capable of chemically acting; 
on one or both of them, and are at the same time connected together by 
means of a metallic connection, that clement or metal which is moat { 
acted on by the exciting medium, becomes the positive or corroded I 
element, while the other becomes the negative or inactive element, and a 
escapes all corrosion so long as they are in metallic contact. 

When it is wished to stay corrosion by taking advantage of thia ' 
electrical fact, the usual method is to employ metalhc zinc, being careful 
to bring it into intimate metallic contact with the metal of the boiler. 
This will, if sufficient zinc be used, have a beneficial eftect; still too much )1 
is generally expected firom the xinc ; engineers expect the elFect of these 
zinc plates, say four of them weighing in all about 5t< lbs. and placed in 
different parts oF the boiler, which will weigh about 30 tons, to infinenca 
the whole and every part of the boiler, and to continue to influence it for 
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a period of time. Even if these plates were most elaborately connected 
in strict metftllic contact with the metal of the Ixiiler in its different parts, 
it is too mnch to expect from anch a quantity of zinc, there being too 
great a disproportion between the weight of Sft tons and 56 lbs., therefore 
the arena of its influence mnst be circnm scribed, more especially after being 
in UBc a Few days, when its snrface becomes coated and protected against 
a great proportion of the corrosion it oaght to nndcrgo to enable it to 
keep its place as the most readily acted-on metal, and absorb to itself the 
chemical action or corrosion which wonid otherwise attack the iron or 
steel of the boiler. This idea that the areas of influeDce of the protective 
plates are circnmsoribed to some extent accounts for the fact that a boiler 
shows si^ns of corrosion sometimes in one place and then in another ; in 
other words it shows these signs over areas where the protective influence 
of the zinc has either been destroyed, or too much diminished to be effective. 

66 lbs. of zinc represent '083 per cent, of the weight of a 30-ton boilerr 
if from four to five times this amount were used in the first instance, and 
supplemented from time to time, as it was corroded and rendered ineffective, 
it would be found that corrosion wonld be stayed, though there would be 
considerably more than a proportionate quantity of zinc consumed in a 
given time than when the smaller quantity was employed. The reason 
for this larger consumption of zinc being that though zinc in proper 
metallic contact absorbs all corrosion to itself, it does not destroy or 
prevent the chemical action or the resulting electricity being formed in 
the boiler, it rather increases It. Ah has already been stated the action of 
the zinc is simply that being the most readily acted-on metal it becomes 
the positive or corroded element instead of the iron, as wonld be the case 
were the zinc not present and in metallic contact. This being the case 
it may be unnecessary to point out the advisability of the zinc used being 
good and as pare as possible. Any foreign metals the zinc may contain 
will injure its efficiency as a protector to the metal of the boiler, as part 
of its power will be wasted in becoming positive to them instead of to 
the boiler. 

It would certainly seem that the most logical method of preventing 
corrosion is to make Che water non-exciting or incapable of acting 
chemically on the iron or steel of the boiler; thus the canse is at once 
attacked, whereas the other method only deals with the effect, and there 
fs moreover a\oidance of the great difficulty in making and maintaining 
the metallic contacts, owing to coiToaion at the point of juncture, or the 
breaking of the contacts from other lauaes, and such imperfections can 
only be remedied when the boilers are opened. In those methods which 
aim at destroying the corrosive or exciting power of the sea water, the 
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protectiri' agt^nt in added either at the condeoser ur hot-well from time to 
time, sod iu greater or lees qnaatities u desired. There are eereral ways 
of uinking or caneing the eea wat«r to be non-uxciciDg, and there are 
many componnds offered as meeting all the reqairements, but rare should 
be taken not to pat into boilerB any componnd whit^^h contains a oon- 
Btitueut that, of llaelf, ts capable of combtnatiyn with iron, or which 
contains n constituent that can by any means be made to fiirDish 
compounds cafiable of Bach combination, because it shoald be a sine gua 
non that the prot^^tive agent should be in itself barmleee. Lime prepara- 
tiona added lo the water are beneficial, their action being to keep the 
BUrfacea of the boiler always coated and thus protectul from corroBive 
action. This subject lias occupied bo much of the writers professional 
attention that It has caueed him to take more than an ordinary interest 
in the solution of the problem, uiart Irom any commercial consideration 
of the i]ueslion, although he felt it would be a great advantage if some 
reduction could Ijc made in the present awtly appliciitiun of zinc, and the 
writer iH of opinion that a basic solution of zinc would- effect ttua 
economy, but, after all, be assumes that the vitality of the boiler is the 
first consideration. 

The great advantages iu the use of such anti -corrosive or anti-exciting 
compounds is that they can bu introduced iu small quantities at stated 
intervals. Thoy render the water non-esciting, and diffuse themselvea 
through all pai'ts of the boiler, thus protecting all p!irt« equally. 

In treating of corroaiun, mention of that sjjecial kind generally known 
as pitting has been omitted. This pitting is occasioned by the same 
canses as induce the more general coirosion, but these causes are intensi- 
fied and accelerated by two other influences, which tend tu concentrate 
the effects of such corrosion by rendering it very local instead of general. 
Thesi/ influences are rust or iron scale, and variations of tempenitnre. 
EuBt or iron scale is frequently, indeed generally, in the the form of 
mugnetie oxide of iron, and when the metal of the boiler, especially if 
it be steel, Is acted on chemically by the sea water, iind whilst in intimate 
contact with this oxide, such chemical action induces electricity, the 
oxide and tlie metal in its very immediate neighbourhood constitute a 
voltaic couple, the metallic iron or steel being the most readily acted oo 
becomes the corroded or positive element, while the oxide becomes the 
inactive or negative one ; this couple induces a current of electricity 
having only a very louil influence, thus concentrating the action on that 
limited portion of the iron or steel which has become the positive or 
corroded element through the influence of the oxide or scale, instead of 
allowing Uiut action to expend itself more generally over a larger area. 
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Variation of temperature affects mure particularly the qaeatiou of the 
very eeriooB and dangerous pitting ohservable on the sidee of the furnaces. 
In cuBes where two portions of even the same ]>late of ii^on or sttel are Biib- 
jected to unequal temperaturua when immersed in a liquid capable of chemi- 
cally acting on them, these two portions become virtually two different 
metals so far as molecular arrangement ia coiiceroed, and are capalile of 
forming a voltaic couple ; the more highly heated portion being the moat 
readily cliemically acted on by the sea water becomes the positive or corroded 
element, while the less highly heated portion, being also the less liable to 
the chemical action, ia the negative or inactive one. Thus, when through 
any physical or structural cause, one part of the metal becomes inore 
highly heated than another part— and portions of the furnaces and 
combustion chambers are very liable to this, especially along the fire- 
line — this more highly heated portion becomes positive to the less highly 
heated portion, and thus concentrates on itself all the corroding or 
chemical action which would have diffused itself more generally over the 
whole surface had the temperatures been equal. 

To counteract or stay this pitting is much more difficult than it is to 
stay the general corrosion. In the case of general corrosion there is a 
general cause which may be met by a general cure, but in the case of 
pitting there are several causes, each perhaps similar, hut yet each re- 
quiring to be separately neutralised and overcome. Each case of pitting 
being due to a local and not a general cause, in any endeavour to effect 
a cure by means of metallic zinc it will be necessary to remove this 
cause and bring the part affected into intimate metallic contact with the 
metallic zinc. Bringing the zinc into contact with these parts will 
very greatly increase the consumption of zinc, seeing that these parts are 
so prone to chemical action. Supposing the causes, such as mat or iron 
scale, and the variations of temperature to be removed, this increased use 
of zinc will be effective. Bnt though it may he possible to remove the 
rust, it is not so possible to do awa; with the variations of temperature; 
therefore the best method of effecting a cnre of this pitting would be to 
strike directly at the cause by rendering the water uon-eiciting. By this 
means the rust and the variations of tem^ierature are rendered innocuous. 

In conclusion, the writer would point out that prevention is better 
than cure, and that if it is desired to kci'p a boiler in good order certain 
precautions must be taken. Firstly, great care must be taken in the 
selection of cylinder oils, and only use such us have a vaponrising point 
at a higher temperature than the temperature of steam at the pressure 
at which the boiler is worked, and do not take the statement given of 
the ^-apourising points of these oils foi' granted, even though it may be a 
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certain brand or make, bnt see that each particaJar lot as supplied is eqiidl 
to the sample aaA be-.trs out all the statemmitfi made respecting it and 
which influeuoed its purchase. Such supei-vision will always give a good 
return fur the trouble, because whether it is cylinder oils or any other 
goods that are sold and which are not subjected to this supervision it may 
be taken for granted that the lowest quality accepted without aeriona 
complaint or rebate in price will eventually become about the highest 
quality that will be supplied. 

Secondly, work the Ixiilcr with the greatest amount of regularity 
practically possible on board ship, and eudeavotir to keep the specific 
gravities of the water as regular as possible. Samples of these waters 
might be taken at slated times during the voyage, and of deposits 
whenever opportunity offers; these samples to be kept for examination 
when necessary. The taking of these samples answers two good purposes: 
one is, that if the boiler should happen to show signs of corrosion, 
these samples will enable the cause of such corrosion bo be traced. The 
other pui'posc is that by taking samples aysLematically and for a 
certain purpose, the atteution is thereby drawn to the boiler and a 
certain interest created, which induces regularity in working and treat- 
ment generally, and all means which have this effect are most valuable, 
and cause a very materia! reduction in the wear and tear of the boiler. 



The PRBSIDBNT remarked that they were very much indebted to Mr. 
Dodds for calluig their attention to this subject of the corrosion and 
pitting in marine boilers. It was one they had all more or less to do 
with, and it would afford a subject of very valuable discussion. Most of 
them had seen the extraordinaiy difficulties that arose from the pitting 
of marine boilers, and they might or might not have hit npon the right 
caiise, but at any rate they were (|uite sure of this that such advioe as he 
gave at the end of his paper would always be valuable. It was always 
wise to see they bought what they were supposed to buy ; and nothing 
could be more important in matters of this kind than very careftil 
observation and continuous inspection of samples of water from boilers 
at sea. By such circumspection they might get a valuable lesson as to 
the pitting of marine boilers. The meeting was now at a close. They 
were very uinch indebted to their Hartlepool friends for having given 
themselves the trouble to come so far to meet with their confiires there 
that night. They were very glad to see them, and also for the very 
valuable paper which their friend (Mr. Sivewright) had been good enon^h 
to submit. 

The meeting then adjourned. 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS AND 

SHIPBUILDERS. 



Fifth Session, 1888-89. 



PROCEEDINGS. 



EIGHTH GENERAL MEETING OF THE SESSION, HELD IN THE LECTURE 
HALL OF THE LITERARY AND PHILOSOPHICAL SOCIETY, 
NEWCASTLE-UPON-TYNE, ON MONDAY EVENING, APRIL 8th, 
1889. 



H. F. SWAN, Esq., Vics-PBESiDByT, in the Chaib. 



The Secretary read the minutes of the preceding General Meeting 
held in Sunderland, on March 18th, 1889, which were approved by the 
members present, and signed by the Vice-President. 

The ballot for new members having been taken, the Vice-President 
appointed Messrs. B. G. Nichol and R. L. Weighton to examine the 
voting papers, and the following gentlemen were declared elected : — 

MEMBERS. 
Buchauaiiy Charles, 14, Humbledon Visw, Sunderland. 
Dickinson, R. E., Messrs. Palmer's Iron and Shipbuilding Co., Jarrow. 
Eiles, Robert, Messrs. Eiles & Dryden, 4, Quayside, Ncwcastlc^n-Tyno. 
Robinson, William, 9, Waterville Road, North Shields. 
Rogers, Herbert M., Lloyd's Registry, Newcastlc-on-Tync. 
Newton, Richard, Park Square, West Hartlepool. 
Wotherspoon, R., Board of Trade Offices, West Hartlepool. • 



ALTERATIONS IN THE CONSTITUTION AND BYE-LAWS. 

The Secretary, in the absence of the President, gave notice that at 
the Closing Business Meeting to be held in Newcastle-upon-Tyne on 
May 18th, the President, on behalf of the Council, will move that the 
following alterations shall be made in the Articles of Constitution and 
the Bye-Laws : — 

vol.. v.— IfWO. ^ ^ 
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Coh-BTITOTION. 

"VII. — Gruduutes mmj be ptrsons under twenty-/oKr years of a 
engafied in study or employment to qualify themselves for any of b 
above professious. Their subecription elukll be Half-a-Oninea per ai 

"IX. — Tiie Officere of the Institution shall be elected from and t 
meinbei-s, and shall consist uf one Freeideut, the PaGt-Fi-esideuta, i 
Vice-Presidents, fifteen Coonuilmen, and an Honorary TreaBurer." 

"X, — The President and TraiBurer shall be elected unuuatly. j 
Vice-Presidetite and hve Cuuucihnui) sliall be elcuted annually, 
retiring Vice-Presidents and Councilnien shall be those who have 9erv< 
three years from their kst election." 

Bye-Law. 

" li. — All subsci'iptiouB shall be payable lu advance, and shall beconl 
due on the Ist of June each year. Any Member, Associate, or Oi-adtta 
wiahiiuf to retire from the Institution shall eontiniif. to be liable far 
annual subscription until he shall Itave given, forvial notice of Im ret^'et. 
to the fkcretary, tvUich notice mmt be i/iveu on or bfifore lite Slut of At 
in each year. Application for membersbip may be made at any t 
during a sessioD, and the subscription shall cover the membership i 
the lat of June following." 

Note, — T/ie jn-o/ieneii alterutious are printed iii italic. 

The Coukcil. 

The StfCRBTABT intimated that, in accordance with Article X. of t 
Coiistitntion, the following gentlemen would retire from tbe Councilr- 
President— F. C. Marsliall, Bsij. ; Vicc-Presideiita— Messrs. Wiglia 
Richurdaou and .ilex. Taylor ; Councilmen — Mesars. J. P. Hall, 0. 1 
Hutchinson, A. Laing, M, Saiidisou, and J. Tweedy ; Hon. Treasure 
Mr. B. G. Nichol. 

The Vice-President, on behalf of the Council, nominated 
Ibllowitig gentlemen from whom to till up the vitcancies by Inllol f 
President — F. C. Marshall, Eaq. ; V ice- Preaideute— Messrs. RaytUl 
Dixon, William Gray, J. P. Hall, C. W. liutchinson, Arthur Ia 
Robert Thompson, and John Tweedy ; Cunncilnien (five vacancies) — 
Messrs. Henry Clark, John Gravell, Juhan Johnson, L. Ruaden, 0. W. 
Sivewright, J. C. Stirzaker, and Alex. Taylor; Hon. Treasni-er — Mr. 
B. G. Nichol. 

NoTB. — If alteration to Arlv:l<.- J.Y.rf l/ie ''"nsfili'/i'in isayreed (, 
Vife-Prenttrnte mil be <-lecte</. 
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The Secbetabt said he had received a letter from Mr. Baylton 
Dixon requesting that his name might be withdrawn. It would 
therefore be necessary to nominate another gentleman. 

Mr. B. G. NiCHOL nominated Mr. John Dickinson, engineer, Sunder- 
land, for a Vice-President. 

There was no other nomination. 



EXCURSION TO FORTH BRIDGE. 

The Vice-President said, he had been asked to draw special 
attention to this important subject. It was expected that the Forth 
Bridge would be finished in August next, so that the proposed excursion 
was really the last opportunity that such an Institution as this would 
have of visiting the works in progress; of course to practical men, seeing 
the work in progress and the pieces being put together was of much 
more interest than merely seeing the finished structure. He might say 
that, luBt autumn it was his good fortune to see the works, and he must 
say he was struck, when he got within two or three miles of the place, at 
seeing this stupendous erection towering in the air. He had, moreover, 
the opportunity of visiting the workshops and the bridge itself, and found 
them most interesting. It was necessary to arrange the trip of the 
Institution economically, to have 200 passengers at least guaranteed to the 
railway company, and it was desirable that members should, as early as 
possible, send in to the Secretary intimation whether or not they could 
attend, or that those who wished to go should send in their names. 
They would also see there was an Associated Conversazione to be held in 
the Durham College of Science on April 29th, which he hoped would be 
well attended. He would also draw their attention to the fact that the 
Closing Meeting of this session would be held on Monday, May 13th. 



.j.^^A^tmim,.L^ . 




The disctiBBion on Mr. J. B. Dodds's paper on "OorroBion mid Pitting 
in Marino Roilere " was proceeded witli, aftor whidi a [Miper on " Tbe 
Proper Cn|mf;itv of Air PiinipB," hy Mr, J. II. rTBiniltiin. wna nnd. 
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niSCUSSION ON MR. J. B. DODPS'S PAPER ON "CORROSION 
AND PITTING IN MARINE BOILERS." 



The Sbcrbtaby said he had received a comnnmication from Mr. 
Fothergill (who was very sorry he could not attend the meetingl upon 
Mr. Dodds's paper. If it was the wish of the meeting he would be pleaBed 
to read it. 

The VicB- President thought it would be well to hear it; Mr. Fother- 
gill had taken a great deal of interest in ttie subject. 

Communication from Mb. J. R. Fothehoill, West Hartlepool, oh 
Mr. Douds's Papeh. 

Pear Mr. Duokitt, — I regret I find it impossible to attend the 
meeting on Monday night, as it was my intention to have taken part in 
the diwnisaion on Mr, Dodds'a paper, but with the President's peruiiBsion 
I will ask yon to read the following comments; — 

I think there is much reason to congratulate onrselves on this 
particular paper in that it may be called a new departure as compared 
with the usual papers read before the various technical institutions on 
this most important and interesting subject. Here we have the practical 
views of an analytical chemist, who has not only analysed the various 
deposits and waters from boilers, but has liimself gone through the 
boilers, and there investigated the destructive action at work. The 
practical engineer, from his lack of thnrongh kmiwlcflge of chemistry, is 
prone to misconception and formsand retains eiToneous views, and tjecomes 
prejudiced, and thus it is, I think, this very able paper of Mr, Dodds's of 
special value. Mr. Dodds deBcril)es not only the decompositio 
new combinations of the salts, bnt warns us to be on our guard as to 
the quality of the many " cylinder oils " now in the market. The firm 
I represent has had many samples of these oils analysed, and I may say 
it is the exception to find au oil that will stand 4U0 degs. Fah. without 
giving ofF vapour. Many oil merchants represent the vapourising point 
higher than the flash point. It appears to me the vapouiising point 
must be lower than the flash point, for what is it that flashes, but the 
vapour, and I think there is no doubt these oils directly or indirectly 
have much to do with corrosion. Now as to the use of zinc. I must 
confess I once had a strong feeling that the use of zinc was &r from 
effecting all that was said of it, and I therefore entirely disused it in 
two steamers, but the boiler? being in very good conditiim it was 
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Bornetime before 1 became convinced beyond all doubt as to its value. ] 
I then tried it in metallic contact in varifius ways, and alao by suspend- 
ing it in the Ijoilcrs in trays, and I fotitid that whether in mctAllic 1 
contact or aimply suspended in the water, if plenty of zinc was used, and I 
that good zinu, the results in both cases were equally iu< eMeieut. Of I 
course the quantity of zinc required deiwndB on the condition of the 
boiler. The analysis of many samples of boiler water shows zitic in I 
solution, and I am of the opinion the prevention of corroaion is princi- | 
pally due to Kinc in solution in the water making the water as described 1 
by Ml-. Dudd» non-cxctting. It is a well known fact hot brine disBolves 
zinc. 1 should like to ask Mr. Dodds whether he does not lliink it is 
probable the zinc as generally used in a Ix'iler. tor it must be borne ia 
mind that in far the larger majority of ciisea Kinc is only siiapended in 
trays, which ia certainly not in metallic contact, does not act by non- 
exciting the water, and not by electrically protecting the material of the 1 
boiler 'f I should imagine tiiu use of zine to electrically protect the boiler 1 
would necessitate a large quantity in actual metallic contact, but sine in I 
& boiler soon oxidizes, and would not this soon destroy the electrical I 
efficiency? To my mind the most simple and practical nietlKwi to prevent I 
corrosion is to make the water uou-exciting, and if, as Mr. Dodds I 
suggests a basic solution of zinc can be made so that measured qnantitieB-^ 
can be added to the feed water, say every day or every " watch,'' we aiiould I 
not only reduce the cost of the use of metallic zinc, but we slionid get 1 
very much better results. For sometime past I have had a careful [ 
record kept of zinc used in various lioilcrs in different trades, Two steel ] 
boilers supplying steam to engines indicating about yso horee-powcp \ 
when new required to prevent corrosion 8 to 10 lbs. of good zinc per 24 f 
steaming hours, and when in good condition, free from corrosion, about ] 
i lbs. per :i4 steaming hours ia sufficient. This steamer is in the India 
trade, but these quantities may be taken as the maximum and minimum I 
for eteel boilers. There is one point I note Mr. Dodda does not aUude J 
to, that is the air in the water. It is a well known lact water absorbs ] 
free air, aud thus oxygen is earned into the boilers; does not this ttsaist 
or propagate corrosion? Will Mr. Dodd give ns his opinion? 

J. R. PoTUBBQILI,. 



The ViCE-PHESiBEST— That is 
or three important pointa. 

Captain MoNab — It ought to have been kept bai'k 
dumper upon the discussion. 



nteresting letter aud raises two J 
1! put a 
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Til*! ViOB Phesidknt — On the contrary ; it raiaes points that should 
irive it a start. That suggcetion of using zinc in solution inswad of the 
tuutallio form is a very int^rvstiug one, and somebody might give them 
an idea as to whether the question of £ s. d. uomes into play, or Chi; 
1-elalive cost of the one with the other. 

Mr. J. C. Spsn'ce said, l)iat aa the subject-matter of this [taper wus 
involved in some douI>t and ol»sciirity, they were greatly indebted to the 
writer for bringing before them the results of his speetal investigations, 
his analyses, and the conclusions he di-ew from them. But their sense of 
gratitude did not require them to accept his argumeuts without criticism, 
and his (Mr. Spence'a) criticism commenced at his first sentence, thus : 
He says — " The question of boiler corrosion and pitting ia one that," etc. 
Now he considered that corrosion and pitting were not one question but 
two quite distinct questions. Their mode of action was different in every 
[lariicular. By eorrusiuu he meant the slow, gradual, and conipanttivety 
nniform wasting away of the heating surface (furnaces, tubes, etc.) of 
boilers. This he believed to be inevitable, and to take place on both 
sides of the hettting surface, perhaps more on the fire side than the waier 
aide. On the other hand, pitting only occurred in exceptional erases j its 
action was not slow and nniform, but rapid and most fortuitous in its 
distribution. It occurred, so far as his experience went, only on the 
waUrr side of heating surfaces. Setting that in all these partiimlars the 
acliou ol' pitting was strongly contrasted with the action of corrosion he 
could not agree with the author that pitting was due to the same causes, 
as corrosion only intensilied and accelerated by rust and htat. Or, il' 
it wan admitted that this was so, the question still remained, why did the 
rnst and heat, which wore in general unifunuly difl'uscd, occasionally 
have this effect ? Why should one furnace out of three which were 
Working in the same lioiler, uuder identical conditions, using the same 
oil, subject to the same variations of temperature, be destroyed, while the 
other two were left untouched ? Why should the action be intensified in 
one instance and not in the other ? In his experience the one charac- 
teristic that was uniform in relation tu pitting was the want of uniformity 
with which it otcurred, Out of a set of furnaces, working under iden- 
tical conditions, one would be pitted and the others quite free from pitting. 
He had had to renew three fires out of a set of fonr, the fourth not 
having a mark n]Mn it. He had seen a few tubes in a new boiler destroyed 
ill u very short time, all tliu remainder lasting for years without a sign of 
pitung. If the author could tell them why the causes which generully 
acted uniformly were occasiomilly intensilied and eojicenlrut<;d ho would 
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have solved this problem, which was now withont a solution. It was no 
solution to say that pitting was a special case of corrosion. This was 
equivalent to saying the abnormal was a special case of the normal. Let 
them now consider the author's arfruments in reiation to oils. He said 
that oils with a vapourlsing point of 280 deps. would vapourise and de- 
compose at SfiS degs., the temperature of steam at a pressure of IGO lbs.; 
bnt the vapourising point meant the vaponrising; point at atmospheric 
pressiu-e, and this point would rise with every increase of pressure. In ■ 
the absence of experiment it would be safer to assume that, if at atmos- 
pheric pressure the vapourising point of an oil was higher than the 
boiling point of water, then at a pressure of 100 lbs. the vapourising 
point of the oil would still be higher than the boiling point of water, 
than to assume, like the author, that this point remained constant for all 
pressures. The presence of oily organic acids proved that the oils had 
been partly decomposed, but it appeared from the author's own arguments 
that it was more likely that this decomposition took place in the boiler 
than in the cylinder. On page !!)<> he showed that the salts of sen water 
were decomposed or electrolysed by feeble ourrents of electricity, gene- 
rated by the action of the water on the plates. Now, if these electrical . 
currents were capable of decomposing the salts of the sea, they were 
snrely capable of decomposing the much less stable components of 
mineral oils. He should, tberei'ore, conclude that the author was nut 
warranted in tracing corrosion to the decomposition of oils, but that, by 
bis own showing, the decomposition of the oil was the consequence of the 
corrosion of the boiler ; a conciusion which waa, he believed, in accordance 
with general experience, that pitting could not be traced to nor avoided 
by the use of any special oils. He was sorry to say his criticism was 
only negative. He could not contribute any suggestion which appeared 
even to himself satisfactorily to account for pitting, and he had serions 
doubte whether corrosiou was preventible— that waa. whether a time 
would ever arrive when an old Itoiler would not be a worn-out boiler in 
the heating snrfoce ; the shell, with proper care, seems capable of lastiog 
for ever. He would like to have heanl the author's views about render- 
ing the water non-exciting. If this could be carried out on a practical 
scale it promised to stop both pitting and corrosion, at least on the water 
side of plates. 

Mr. J. P. Hall thought the Institution should give Mr. Dodds itti ] 
best thanks for hie very important paper. The question of boiler manage- [ 
mcnt and protection was ceitainly one which reqnired a great amount of I 
study and thought. The knowledge that the practical men pi-escnt htu) F 
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onght to be given np to the Iiiatitnticm as lar^ly as possible. He 
thought that from the paper tliey gathered two or three lesaons — (1) the 
necessity of keeping intomal parts clean ; (2) the advantage of keeping 
the Burface covered and aecnre against the attack of the chemical action ; 
and (3) the advantages of nsing fresli water. The practice he had 
hitherto advocated and adopted as far as poasible with new boilers was to 
have them thoroughly cleaned at the outset, to clear away all dirt and 
rust to the bare iron, and then coat them with lime mixed with a little 
Portland cement, and afterwards to fit sheet zinc plates in metallic contact, 
not simply banging them in the spaces, but a better result was got, he 
thought, from attaching the zinc sheets to the boiler plate itself by studs, 
leaviiiga space of about three-quart«rs of an inch. He had rec«nt)y got 
splendid results from a boiler 1.^ feet 3 inches diameter and 10 feet long by 
the application of about 2^ cwt. of ziac. That, he thought, a fair quantity 
to put into a boiler of that size, and distribute it throughout the space 
uniformly. This boiler has three furnaces, with a heating siirface of about 
1 ,500 square feet, and represented practically about 20 tons of water. He 
thought about 2^ or 2^ cwts. a fair allowance to keep a boiler of these 
dimonsion.'i free from any attacks chemically. Ho found, also, the use of 
soda on the voyage a very impoitant feature. With a clean boiler at the 
outset, zinc plates titt«d, and from 4 to 6 11)S. of soda used in 24 hours, he 
had found, after a voyage of two months, the whole of the internal parts 
almost perfection, and he went in and surveyed it with a great deal of 
pleasure, coming oat as white as a miller. There were no signs of oxida- 
tion or decay, bearing out what Mr. Dodds had described in his paper. 
On page 201, Mr. Dodds says that "Prevention is better than cure," 
This, he thought, they would all admit. They should prevent serious 
decay also if they ceased to use oil as a lubricant in the cylinders. Oil, 
to liis mind, did more harm than good, and often played havoc with Hie 
boilers, especially the oils usually supplietl to ships. The results which 
had been obtained by many who had ceased to use oil in cylinders were 
finch as to satisfy him that it could be done without. One of the largest 
and most successful firms on the Clyde never now used a drop of oil on 
the cylinders, even at the outset, and if they took example from their 
pi-actice it would materially help to solve the question. It was certainly 
a very important one. The oil evaporated before it reached the cylinder. 
He had tioticed many times both in small and large engines the oil applied 
had dccomiKwed even before it reached the cylinder, and going into iho 
boiler in a condensed state damaged it without having done any giKMl to 
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the cylinder. Gentlemen with more practical every-day sea c^cpericncsi 
than he (Mr. Hall) had might give them their viewB, which would be of 
very great service to the Institntion. 

The Vice-President — I take it to be in your experience that tres 
ing the boiler with metallic zinc and Boda kept it free from any aign 
either pitting or corroBion ? 

Mr. Hai,l — Yes ; there was no sign whatever in the case I referred^ 
to, and I coaM give half-a-dozen other inatancca. 

Mr. B. G. NiCROL aaid he would like, at the outset, to endorse thft 
eupressiona used by Mr. Fother{;ill in the opening remarks of hia com- 
munication with reference to the author of the paper. He (Mr. Nichol) 
thought it to be an exceedingly valuable one, and if it were posmble Uy. 
introduce aonie solution of zinc which could by any meaoH be made to 
aasnme a position annlogous to a thin coating of lime on the interior bot- 
face of the boilcra. the whole question of boiler pitting, and probably 
boiler corroaion, wouid be solved. As to the action of zinc, he said th 
at Portsmouth some years ago an extensive aeries of experiments we 
carried out, and it was fonnd that wherever these zinc blocks were attached 
to the lx)ilers the effect of pitting, aa diatinguiahed from corrosion, was 
absolntely annihilated within a nidiUB of 3 feet from each block; but, un- 
fortunately, when they put zinc blocks into boilera its uaefulnesa was very 
short-lived, the blocks not lasting during an ordinary six weeks' voyage., 
The zinc of commerce was so mixed with iron nodules that internal sctioaj 
was set up and the mass rapidly wasted away. The method of nea- 
tralising tlie water with other agents waa the most logical way of accom- 
plishing the desired purpose, and if Bome aiich method could be carried] 
out succesafnlly it would prove a great boon to steam UBers. With regard'' 
to oil, notwithstanding the very carefully thought out remarks of hi 
friend, Mr, Spence, he was quite of opinion that the excessive use of oil ittj 
the cylinders had a moat damaging cSect on the boilers. Where tliut 
practice prevailed it was qnite impossible to have a white coating of lii 
throughout the interior of the lioilera. He knew of a set of tubes com* 
pletely ruined in two short voyages by the excessive use of oil, and 
prevent the repetition of such nn occurrence the cylinder lubricators were 
cut off the cylinders of all the vessels of which he (Mr. Nichol) had 
control, and probably the gentleman who succeeded him in the snperiii- 
tendencc and who was now in the room, wonld be able to say whether the 
cylinders were in good condition, in what condition he found the boilers, 
and whether the discontinuance of oil was beneficial or otherwise- 
there was another point raised in Mr. Fothergill's communication 
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was of considerable importance. He had a great amount of trouble in 
getting the white scale over the interior sarface of a pair of boilers, and 
fonnd ultimately that by some means or other a considerable quantity 
of air got into the boilers, and as air of the same tempei'ature and preesure 
as the stearo was considerably heavier, it formed an air cushion between 
the steam and water. iHnuiU cocks were inserted just above the water 
level by which the air wliich accamulated was removed, and in a short 
time the interior of the boilers were coated with the tbia white covering 
they were always very anxious to obtain. 

Mr. J. F. WALLiKiiB (Lloyd's) said, that a great part of his business 
consisted in examiuiog for corrosion and pitting, and all that concerned 
the condition of boilers. During the last seven years his observations led 
him to conclude that about 75 per cent, of the boilers trading from the 
Tyne used zinc, and 2f> per cent, patent composition or nothing at all. 
His opinion about the use of zinc was this, that in ocean-going 3t«amerB, 
not subject to very bad water, water contaminated by sewage, and other 
deteriorating matter, the use of zinc was not in any degree necessary, 
and was only a safeguard aguiust careless or incompetent engineers. 
Mr. Speoce said coiTosion as distinguished from pitting took place 
in the tops of furnaces. As far as he had seen, they had never had any 
con'osioB there, and he believed corrosion took place in tubes owing to 
the fact that tubes were not kept ckan, the corrosion taking place under 
the scale. He thought tubes should he cleaned as frequently as famacea, 
and after much observation his opinion was that if tubes were cleaned 
as freely as furnaces they would last out the boiler, Mr, Spence said 
that one furnace in a boiler pitied and others did not, but he (Mr. 
Walliker) believed very often this was owing to local causes, and in some 
cases owing to the over-heating caused by the firebricks on the bridge 
or fire lying against it, but generally of course from defective circula- 
tion. He knew of one instance of pitting in the tulres with tliree weeks' 
Fanning. The water was fed through a great length of internal copper 
pipe, and tbia was undoubtedly the whole of the cause of the pitting 
which occurred only along the line of the weld. Referring back to the 
question of the utility of zinc, the chief engineer of one of their largest 
fleets told him he had taken three triple expansion engines from England 
on a run to Australia, one of the most trying runs any vessel's boilers 
might be pot to, and never used anything but ordinary sea water. He 
occasionally skimmed the boilers, and when within three days off Mel- 
bourne, when the density rose over ^^ he used fresh water condensed 
from tlie donkey boiler. This course could be easily followed, a proper 
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atteutioE to the waste from leaky glands, etc., being all that was itece 
He did iiot use ziuc, and fouud his boilers in a perfect ooadition, i 
beautiful enamel on when opened up. lie quite agreed with Mr, 
that very little cylinder oil should be used, but he believed that a lil 
oil was necessary provided that it was of a good quahty. 

Mr. T. Putnam said, that in taking part in tiie discussion of 
Dodds's paper he did so with all due deference to the opinions Mr. Dodds 
had expressed, hut he thought exception might be taken to some of hia 
theories. Take, for instance, the theory of the deoompositiou of sodium 
chloride by electrical actiou. If this theoiy hold good where pitting and 
corTosion occurred one would uaturally expect to find free hydrochloric 
acid in quantity, or, at least, distinct traces of it in the water. He did 
not think this was the case. In fact, in some samples of boiler water he 
had had through his hands, one sample, he thought, taken aflor thirty 
days' steaming, a second sample taken some four days later from the 
same boiler, uot only contained no hydrochloric acid, but the JDcreasc of 
the sodium chloride between the taking of the first and second snmptea 
was some ten grains to the gallon. This, he thought, was a negative 
proof of the action of decomposed sodium chloride on corrosion as ad- 
vanced by Mr. Dodds. With i-egard to the action of impure oils, it wae 
a very fertile source of pitting, more especially if fatty oils were mixed 
with the supposed pure mineral oils. Here decomposition in the cylinders 
was not necessary. They could be carried mechanically with steam into 
the condensers, from thence to the boiler, very Ukely with additions from 
the pumps. When fatty oils got into the water in the boilers there was 
not the slightest doubt where they adhered to the boiler pitting would 
occur and to a very great extent. These fatty oils were broken up into 
fatty acids that attacked the metal and dissolved it, forming fatty metallic 
compounds as instantaneously decomposed as they were formed, Ubemtiug 
free acid which again attacked the boiler, and would in time work entirely 
through the plate. This had actually come under his observation in the 
case of some steam pipes where the pipes were eaten through. He thooghl 
the presence of free oxygen bad a great deal to do with pitting as 
tioued by one gentleman, and he submitted this, in addition to defective] 
circtdation; and also the probable elTect of sodium chloride in solution rtj 
the tempei'ature and pressure obtained in boiler, might have a great.; 
deal more to do with pitting and corrosion than some of the theoriei' 
Mr. Dodds had advanced. 

Mr. P. Saluon (Lloyd's) said, the writer of the paper, after bsTing 
stated his own experience with regard to boiler corrosion from a chemicil 
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point of view, concluded by drawing attention to two precfltitione: firstly, 
that "gi'eat care should be taken in the aelettion of cylinder oils," and 
secondly, that the "boiler shoold be worked with the greatest amount of 
regularity possible on board sliip, and the specific gravities of the water 
should be kept as reguliir as possible." He would not make any remarks 
npon the selection of oils, and, as to the other, he was not sure whether he 
quite understood the writer. In these days of high pressures engineers had 
almost done away with surface blowing, and many who still used surface 
pipes fised ihem in such a manner as to render them practically useless 
in blowing or discharging the oily refuse kept ou the surface by the 
boiling water. A surface pipe, to fie advanlageous, should bo very fleiible 
and fitted wilh u float so that the mouth of the pipe will always be close 
to the surface, and the blowing should be done frequently, but only for 
very short periods of time. If more attention was paid to this thim is at 
present given much of the corrosive element would bo got I'id of, in- 
dependent of the oil used, and less would be heard of the red or even 
black coating of soft slimy matter now found in many Ixiilers, and, what 
is quite as bad, collapsing of fumnces would be minimised. Several cases 
had been brought under his notice where a vtssel, after having been for 
some time at sea, had called at a port, remained there suHieicntly long to 
allow the water to c«oi down in the boilers ; the heaviest particles of oil 
would immediately sink and lodge on the furnace tops, and this port not 
being the vessel's ultimate destination, on the steam being again raised 
the furaaees very often caved in. 

Mr. D. Andrew said, he could not agree with some of the spcakere that 
it was possible to run marine engines without using oil in the cylinders. 
That was the result of his experience at sea, extending over a period oftwelve 
years ; and he never worked with more than 80 or DO Iha. pressure, but at 
that pressure he found it utterly imposaibie to run without using oil in the 
cylinders. He did not say it was necessary to use large quantities ; a very 
smalt quantity would do all that was retjuii-ed. He had often seen the 
result of using a large quantity of mineral oil. It had a very bad eiTect 
on the high preEsnre cylinder, softening the cyhnder and causing it to 
wear rapidly. As a rule suHicient care was not exercised in ascertaining 
what oil is used as cylinder oil, owners and superinteudenbt being in the 
habit of accepting what is offered without analysing the mixture to find 
what it really did contain. In fact, all kinds of cheap rubbish was sold 
as cylinder oil. He thought if more attention was paid to the quality of 
the oils and the quantity used in cylinders less would be heard about 
Q and pitting in boilers. 
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Mr- R. L. Weighto.v had iiotluDg of any importaacc to contribute to 
the discussion, but he would like to ask Mr. Dodds one or two questions. 
There was one fwint which he thought was not very clearly put. He 
(Mr. Dodda) said there were two methods of deahng with corrosion. The 
first was by rendering the water what he (Mr, Weighton) should say 
innocuouB, by introducing an element which the wiit«r attacks itistcad of 
the boiler, such as solid Blabs of zinc. The second method consisted in 
rendering the wiiter nou-excitiug. Would he make clear what he meant 
on page 200 when he spoke of the use of a basic solution of zinc ? As the 
matter was put on pa^e 200 he understood it to mean that the solution 
rendered the water non-esciting ; was it not rather that it rendered it 
innocuous — was it not analogous to the case of the introduction of solid , 
zinc? If a solution were introduced it would be the positive element 
and the acid attacked it instead of the iron, just as it would the solid 
zinc. In speaking of preparations of lime for rendering the water non- 
exciting, to what preparations did Mr. Dodds refer, find what pre|)arntion8 
would he recommend for use ? 

Mr, DoiJDS said he should prefer to have his reply postponed till next 
meeting, so that he might consider the questions asked. i 

The Vicb-Prk8ident, at the close of the discussion, remarked that, 
OB far as he could gather, if all that the speakers said could be substantiated 
a cure was arrived at. He thought there was a conaensns of opmioo that 
it was objectionable to have any oil in the boiler, and some of the gentle- 
men believed that there was uo necessity for using oil in the cylinders; 
and if that could be established it eliminated one difficulty, for it could ' 
not get into the boilers from that source. Mr, Hall had told them that 
with a very small amount of metallic zinc and a constant application of 
Boda he had Ijeen able to arrive at a very satisfactory result in boilers 
both as regarded pitting and corrosion. If these experiences conid be 
relied on it seemtil they bad got to the bottom uf the difficulty. Before 
passing on to the next paper (although Mr. Dodds had yet to reply) ho 
thought that at, this stage they might at any rate pass a vote of thanks to 
Mr. Dodds for his paper. 

The proposal was carried by acclamation. 



I THE PROI'ER CAPACITT OF AIR rUMPB. 



ON THE PROI'ER CAPACITY OF AIR PUMPS. 



Br J. H. HAMILTON, B.Sc. 

[Read BRroui tss Inhtitvtion on Aphil 8t«, 1889.] 

A PEK80S not infonDcd of tbe facts niight think tiiat tlie air jiuraji, 
dating, as it does, I'roin the days of Watt, ahould now have settled down 
to fixed proportions which snch a mass of accnmnlated experience would 
indicate as the beat. 

If he were to!d that with jet condenaation the capacity of tho air 
pnnip may vary from J to less than -j^th of the cylinder capacity, he 
would probably suggest that the special conditions under which air 
pumps work must vary in a similar way; but if ftirther infonned that 
two engineers designing air pnmpe to work under exactly the same con- 
ditions will olten assign ti) them very different proportions, there is no 
escape from the difficulty nnless he comes to the conclusion that either or 
both of the engineers does not know his bnainess, or that within tbe 
limits of variation it does not matter much what size the air pump be 
made. 

If he adopts the former conclusion he belongs to a claas wUich is 
but too numerous, and probably will not give any further attention 
to the subject. In any case we have nothing more to do with him. 

If, on the contrary, he possesses a scientific mind he will not ije 
content to get out of the difficulty in this way, and on investigation will 
find that each of the engineers can justify his practit* by reference to 
the I'esults obtained with pumps made in accordance with it. 

One will proudly show a vacuum of 27^ inches; the other may l« 
able to record -JS inches, and it is possible that the latter may be the 
man who supplies the smaller pump ; bnt, again, other results taken from 
their practice may reverse these figures. Here, then, is a confirmation 
of what he previously suspected, viz.. that such a variation in the sisie of 
the pumps as is to be found in these cases docs not much affect tt)e 

VaCQUDl. 

This fact will require explanation, and our enquiring friend will seek 
one in the t«it lx«3ks. manuals, and treatises on the ateani engine. 
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In all, he will meet with the atatemonb that tho usiml practice is 
make the capacity of the air purapa between such and such fractioDS 
the cylinder capacity "only that and nothing more" in the majority, 
but in one or two lie may find a calculation for determining what the 
capacity of the pump onght to lie, and aa the result will not agree with 
practice, it will be necessary to assnme that air pumps are very inefficii 
and to multiply the resnlt by a factor, perhaps 2 or 3, 

In none will he find a detailed account of scientific facts upon whi 
to build a rational theory of the action of the air pump, nor 
attempt to show how the vacuum depeuds on the capacity of the pui 
and the conditions under which it works. If he have the inclination 
leisure he will inform himself of these facts, and it ia the wi-iter's obji 
in what follon'S to state such of Ihem as are essentia] to a correct nadoi 
standing of the problem and to endeavour to exhibit their application 
its solution. 

The function of the air pump ia to remove from the condenser water 
resulting from the condensation of steam, and when jet condensation 
used the condensing wat^r in addition, together with snch periaanf 
gases as may lie liberated therein. 

The permanent gases are introduced mainly by tho water oarryii 
them in solution, and generally consist of ojygen, nitrogen, and carboi 
acid gases; that is, of the chief consLituente of the atmosphere; bnt eii 
carlionic acid is more soluble than oiygcn and the latter than nitrogen,- 
the proportions of the dissolved gases, even if they are absorbed from 
the atmosphere, as in the case of rain water, are different from those 
which obtain in the atmosphere. However, k^ all these goees behave lilnj 
perfect gases within the temperature and pressure limits to which tl 
following calculations apply, it is not necessary to know in what pi 
portions they are present if only the total volume dissolved in the 
is given. 

Though differing in proportional composition from ordinary air, 
will be convenient for shortneas to refer to the mixture of gases as 
Besides the water and air there is aqueous vapour mixed intimately wil 
the air. It is not necessary for the air pump to remove the vapour, 
it cannot accujunlate in the condenser like the water and air, but, nev< 
theless, its presence affects the working of the pnm|i. as will be 
further on. 

The pressure in the condenser and the height of the l>ariimet«r del 
mine what vacnum is possible, for the vacuum is the diB'erence beti 
theao quantities, and us the height of the barometer and the vacnnm 
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p^enerBlly given in inches of niercnry, it will be convenient to express all 
pressures in terms of that unib. It was shown by Dalton Limb for mixed 
gases and vapours (such as air and aqneoua vapour) which had nob any 
chemioii effect on one another that the total pressure of the mixture con- 
tained in a closed vessel was the sum of the pressures which each coo- 
Btitnent would exert if all the others coultl Iw removed from the vessel. 
This law of i»artiiil presaures has been amplj proved, and it shows us that 
the total pressure in the condenser is the sum of the pressure of the 
a(jneou8 vapour and that of the air. 

Of these the pressure of the aqueous vapour dejiends solely and entirely 
on ite temperature, and is independent of the air pressure, which in its 
turn only depends on the weight of the air in the condenser and on its 
temperature. 

Thus the vapour pressure is entirely independent of the action of the 
air pump, while the air pressure, depending as it does on the weight sf 
air in bhe condenser, is directly affected by it. To take a numerical ex- 
ample, suppose the height of the barometer to be 30 inches and the 
atmospheric temperature 5a degs. Fall., the condenser temperature 102 
degs. Fuh,, then the vapour pressure will lie 2 inches and if the air pres- 
sure be ^ inch, the total condenser pressure will lie -J^ inches, and the 
vacuum 27^ inches. The volume of a given weight of air under these 

.„ , 30 4(11 + 102 . . . ",, , 

conditions will be j- X j>j " 4,"~Mi ~ *'•' times as great as it would be 

under atmospheric pressure and temperature, and the air pump musb be 
capable of removing whabever air may be inbroduced per stroke when 
expanded to blirs volume. 

The quantity of air introduced into the condenser per revolution of 
the engine depends on bhe volume of water which passes in during the 
same time, and on the amount of air dissolved in that water, and also, of 
course, on air leakage, but as this is very slight indeed when the engine 
is in gotid order, the air so introduced will Ije neglected for the purposes of 
the calculations which follow. 

The volume of water introduced into the surface condenser is very 
slight, but a considerable amount makes its appearance in the jet con- 
denser. As the latter was the earliest form, and is still more largely 
Dsed for land engines, and since it is the prnciice of many marine engine 
bnildors to make the air pump bo that it will work with jet condensation, 
this paper will lie mainly devoterl to the eonsidei-ation of air pumps for 
this ty(iG of condenaer. 

One or bhe variable quantities for wliich provision must U.' made in 
the volume of gases dissolved in different kinds of water. 
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The following information oil this p^iIlt is obtained from Watt's 
Dictionan/ of Cliemhirij, in whioh the detailed analjseB of 5 large vnrioty 
of waters are given. Spring wattr may contain from 2 per cent, to ID— 
per cent, of itH volume of dissolved gases, but the higher fignre ia diH 
chiefly to carbonic acid, which is found in such qnantities in minei 
Bprings. 

Three samples of spring water gave dissolved gases S'-iii, I'Sl.ani 
7"li per cent., the mean being 3'803 per cent, by volume. 

Nine samples nf Welsh and Cumberland river and lake water gav^ 
total dissolved gases varying from 2'04 to 2-94 per cent., the me&n of till 
nine being 2'32 per cent, of the volume of the water. 

The remarkably small variation in the percentage of dissolved f 
in the above nine Bamplea would indicate tliat in clear river or lakew 
ancontaminated with sewage, etu., 2'32 pDj- cent, by vulnuie represenU 
very nearly the quantity of gases dissolved. 

The caBe is different when we lake the analysis of samples from sud 
rivers as the Thames at and below London. The dissolved oxygen dimiB^ 
ishes, but the carbonic acid Increases in a mnch larger proportion ai 
water becomes more impure. 

Thus when a large proportion of the London sewage was disohBrg 
into the Thames, the volume of the dissolved f^as increased from 5"2 p 
cent. aE Kingston to "■43 per cent, at Erith. 

For such water as that a mean value of 6"1 per cent, by Tolume < 
dissolved gases would be probably not iiir wrong. 

Ten samples of water, mostly from Continental rivers and takes, g&T( 
total percentages of dissolved gases vaiyiug from 2'2 to 5'8 per cent., tl 
mean valne being 3-IjO per cent. 

The volume of dissolved gases varies least in rain water, as might t: 
expected, and it amotmU to ^'5 per cent. 

For most kinds of clear freali water, then, 4 per cent, by voloma of 
dissolved gases would be an ample allowance; but since some waters ooa- 
tain np to 10 per cent,, the value .'1 per cent, would be a fair mean, am 
this fignre will be used in the following calculations. 

The percentage contained in sea water is said to vai7 from 1 to 4 
per cent.; but accural* analyses of samples from different localities do i 
seem to have been made. 

It is proliable, however, that b pei' cent, is the greatest (}nantity iql 
ordinary sea water. 

Tlie above figures all refer to the volnmes dissolved under oi-dinan 
atmospheric conditions of pressure and temperature. 
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For such gaaoa, however, as oxygen, Di'trogeD, and carbonic acid, the 
weight of gas dissolved is proportional to the preseure, and decreasea as 
the temperature rises; thus wlieu the injection water enters, the amdenser 
being broken up iDto spray and baring every facility fur giving up its 
dissolved gases, it will uuly retain the proportion which it could lake into 
solution under the temperatnre iiud iiir pressure conditions exieling in the 
condenser. 

The cnr^-e AB, Fig, 8, Platq SXSIX., represents the solubility of air 
at atmospheric pressure in water iit different temperatures. The curve 
is carried on to C. [■epreaenting a temperature of 1 12 degs. Fab, If 6 per 
cent, be dissolved at D. representing 59 degs. Fah., then 5 per cent. 

X — =4'17 per cent, would be dissolved if the temperature were 103 

degs. Fah. 

But if the air pressuri; in the condenser be ^ inch, and the atmospheric 
SO inches, the fraction of the air which will remain in solution will be 
^■'' i=-o 
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=■014. 



f cubic feet of air, where it 



This is such a small fraction that for practical calculations it may be 
assumed that the whole of the air separates from the water in the 
condenser. 

Thus for every cubic foot of water which has to be removed from the 

, .. 6 461 + T deg. 

condenser there am — • ,-^:p5gd|; ■ p ^ 

is assumed, as before, that the temperature of the atmosphere is 69 degs. 
and its pressure ilO inches of mercury, T being the condenser tempera- 
ture and P the pressure of the air in the condenser in inches of mercury. 
If T be 102 degs. as before, and P = ^ inch, then for each cubic foot 
of water — = SJ cubic feet of air would have to be removed. 

In most types of air pump the air pressure is still further reduced in 
the barrel of the pump; but we can conceive a type of pump in which 
the air and vapour pressures will be the same as in the condenser. 

Such a pump is shown in Figa. 1 and 2, Plate XXXVI. 

The passage A, leading from the condenser, is cluEed by a flap valve, 
which readily yields to the pressure of the water that accumulates in the 
jmssage during the delivery stroke. The water flows into the pump at 
the iKittom of the valve, while towards the end of the stroke of the piston 
the vapour and air pass in through the upper corners of the valve 
opL'uiug. 
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As the preflsnre of the water in the pasaaffe is suppoBefl to be snflicient 
to open the valve, the rhstribiiti(tn of air ant) vapour pressure above the 
water love! in the pump is the same as in the condenser. 

The top of the valve must be at snch a level that, on the return strobe, 
tbe water surface rises above it before the air above the wpter has in- 
creased much in pressure, otherwise some of the air would be liable to 
leak back. 

As the piston comes hack the vaponi' above the water condenses, ho 
that its pressure is constant ; hut the preraurc of the air increiisea under 
the isothermal compression till it is in excess of the air pressure alwive 
the delivery valve by an amount depending <m the pressure required to 
liil the valve with the head of water above it, and at this point the d 
charge commences. 

Water takes a considenible time bo absorb air unless the latter is T 
lently shaken up with it, and the absorption of air due to the increasing 
pressure as the surface of the water rises will lie very slight, if any. If 
there is any solution at all it wilt take place at the surface, and aa the 
water at the surface is discharged throngh the delivery valve there will be 
no disengagement of air from the water when the latter descends in 
following the piston. All tbe air that ia in the pump enters directly Iroiu - 
the condenser. 

It is usnal to express the capacity of an air pump as a fraction of ti 
of the low -pressure cylinder, and to calculate the capacity of this p 
BO as to maintain a given vacuum it is necessary to make son 
tion as to the quantity of steam in the low-pressure cylinder. 

To be on the safe side assume that if the espansioa curve w 
to the end of the indicator card it would show a terminal pressure c 
1(1 lbs, per square inch ahaolate. Further, there may he Id per cent. < 
the steam condensed in the cylinder, which will re-evapoi-ate during the 
exhaust. The loss from cicar.ince may amount to 3 per cent., so that if 
V be the volume awepi by the low-pressure piston per stroke, the volume 

^100 ^ °^ steam at 10 lbs. pressure absolute would i-equite to be c 
denscd per revolution. The specific volume of the steam at this ] 
sure is about 2300, so that the volume of condensed steam will ] 
2-26 7 



2,300 



= -000983 V. 



'olume 
nil nS 



Tbe total heat of this steam will be 1,140 thermal units per lb,, and if 
the condensing water rises in temperature from 59 to 102 degs. the volume 
of injection water will be 24 times as great as that of the condem 
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steam. The rolume of water to be removed per revolntion will thus be 
25 X ■000983 V= ■'124(5 V, and if the air preasiire in the condeiiaer be 
ij inch and barometer 8U inches as before, the volume of air ivili be 3j 
times that of the water. 

Thus the piimp must be capable of removing a volume of water and 
air equal to -t-25 x -0240 V = -lOlS V ; that is to say, since the pump 
is double-acting, its capacity must be y'^tli of that of the cylinder. 

In most air pnmps, however, the sactiou valves are covered with water, 
aud the pressure of the air in the condenser must be higher than in the 
pump before any can be transferred from one to the other. Such would be 
the cfise for pumps like those shown in Figs. 3 and -4, Plates XXXVII. and 
XSXVllI. As the same reasoning applies with shght modificationB toeach, 
it will be lietter to take the common form, shown in Fig. i, as a case to 
work out. Suppose the bucket fu!l down and immersed in the water which 
covers the foot valre. The whole apace between the bucket and foot 
valves is filled with water, and when the bucket begins to ascend there 
would be a perfect vacuum below the bucket valves if it were not for the 
evaporation of the hot water and the tact that the water enters through 
the foot valve. 

Unless the speed of the pump is very low, the water will not enter 
the pump as fast as the bucket rises, as the diflerence in pressure lietween 
the condenser and the pump will not be sufficient to produce the iiocelera- 
tion reqnired. 

Suppose, for instance, that a pump with 2 feet stroke ia running at 
60 double strokes per minute, and that the efi'ectlve area through the 
valves is the tiame as that of the cross section of the passage from the 
condenser, both being one-fourth of the area of the bucket. The 
acceleration of the bucket at the commencement of its upstroke will 
be (when npstroke corresponds to forward stroke of engine and 

connecting rod ~ '' ^^ ^ ^^^ ^^ second, and the acceleratiou of ihe 
water through the passage and valves would Ite 47'5 X 4 = 190 feet per 
second ; that is, nearly = G jr, if the water were to follow up the bncket. 
Thus, if the passage between the condenser and air pump were a foot 
long, the pressure required to put the water in the passage in motion, 
with an acceleration of G ff, wouid be equal to that of a column of water 
6 feet high, which coiresponds to 5'4 inches of mercury. To this would 
have to be added the pressure reqnired to force ihe water throngh the 
valves, and that required lo put the water t>elow the valves in motion, 
and the sum of these preasnres wonid represent the difference which 
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would have tu exist between the pressui'C iu the condenser and that in 
the nir pttiup, ia order that the wuter should commence to enter as fast as 
the bucket rises. 

Thia pressure diHerenoe ia much greater than any which geiierallj' 
occurs it] practice, bo that the cunchiition is inevitable that as soon us the 
bucket licf^iiiH to rise it leaves u coritiniuilly increasing space betweeu it 
and the water below. This s|)Bce fills with vapour, and the pressure 
the vapour depends on the rate of evaporation in relation to the rate 
which the spuce l>etweeu the bucket and the watev increases. But the 
rale of evujTOmiion is iiself a ftmction of the difference between the 
actual vapour pressure and the pressure corresponding to the tempcruture 
of the water ; it is very rapid if this difference is large, and is very alow 
when thia difference is amull. 

The vapour pi'esaure k'low the bucket then is less than that corres- 
ponding to the tempemturc of the water { but, having regard to the 
agitation to which the water is subjected, and the e.tteiisive evaporating 
Bujfacea exptised by the ribe of the bucket and wall of the pnnip, and also 
bearing in mind that the evajwration of one cubic inch of water suffices 
to fill a cylinder W inches diameter x SO inches long with saturated 
vapour at a pressure of 2 inches of mercury, it would seem that 
pressure of the vapour below the bucket will not !« much short of 
due to the tempeniture. 

The water which accumulated iu the passage from the 
during the down stroke of the bucket has meanwhile been fiowing doi 
through the valves into the pump, and if tlie pnissure difference 
sufficient, so much will have passed into the pnmp that the level of 
water in the passage falls till It touches the top of the passage, where bl 
latter enters the pump, as represented in Fig. i, Plate XXXVIII, 

The momentum of the water [Misaing through the valves helps to keep 
them open, and air and vapour pass along the top of the ]ttissage, mixing 
with the water, which has stilt some onward motion, the vapour being 
condensed and t,he air bubbling up through the water above the valvea. 

This air carries up some vapour with it, and the agitation increases 
the evaporation, so that when the bucket has arrived near the top of its 
stroke, at which point it is moving very slowly, the vaponr pressi 
cannot be much less than that due to the temperature. 

If the water were at rest, the condition that the air should 
through it would be that the pressure of the air below should be great 
than that of the air iu the barrel of the pump by an amount eqnal to 
presBiire due to the column of water through which it has to pass. 
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Jnst before the air first begins to pass through thu Talves there is a 
water current in tiie upward dimction.owiuj; to the greater air pi-essure in 
the coiidenaer ; hat iromediately the level of tlie watt-r falls below that of 
the top of the pasgage aud the air passes along, the pressure below the 
foot valve becomes almost equal t<i that in the condenser, and the water 
comes gradually to rest, since the head of water above the valves cheeks 
the flow. A reverse currcTit, downwards through the valves sets in, and 
the valves close, preventing further entrance of air. From this it would 
result that the last portion of the air will have entered about the time 
when the water is at rest, and the pressure of the air in the bai-ret of the 
pomp will be less than that of the air in the condenser by an amount due 
to the head of water above the valves. 

The ca]>at'ity of a pump required to give any vacuum which may be 
fised on will, on the assumption thai the aotion is somewhat as above- 
described, be as folliwrs. For the sake of comparison, tlie temperatures 
will be taken the sameaa before, viz. : — 

Temperature of injection water ... 59 degs. Fah. 

„ discharge to hot well 102 „ 
Barometer ... ... ... ... 2S)'5 inches. 

Air ilissolved in water at 5'J degs. and 8(1 inches pressure 
= 5 per cent, by volume. 

Then the volume of water hi be removed per revolution will be as 
before, '0246 V, where V is the volume swept out by the low-pressure 
piston per stroke. If /> be the pressure of the air (in inches of mercury) 
in the barrel of the pump when the bucket is full up, then the volume 
between the surface of the water aud the bucket should be 



■02-16 V X - 



, 461 ■ 



102= 



Thus the capacity of the pump should be -! ■024(i + -^ !■ V. 

To find the vacuum in the condenser corresponding to this capacity, 
the height of the water over the foot valve when the bucket is full up 
must be known. This height is the sum of the height due t« clearance 
and that due to the quantity of water which enters at each stroke. 

The former may be taken at 6 inches for a medium sized pump, and 
the latter will depend on the diameter of the pnmp in relation to that of 
the low-pressure cylinder. If the diameter of the puuip be one-half of 
that of the low-pressure cylinder, the water which enters at each stroke 
will raise the level by ■(1246 x 4 S, where S is the stroke of low-pi-essure 
piston. If S lie 4 feet this becomes -OUG x IC = -ilO-M- feet = 4 
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inches. The tolal height of the water will then be 10-72 inches, gi' 
n prBBBUre eqaivuk-nt to 'IS inch of mercurj, or say | inch. 

The absolute prcsaare in the coiidciiBer will then be 2 inches vapoi 
preeanre + (J + fi) inches of air preasure, and tlie vacuQm will be ^ 
height of barometer — (2 + j + ;/). 

ThccurveinFig.H, PIiiteXXXIX.,MhowBthewayin which the vucunm 
ifl related to tlie capadtj of the pump, as calculated front the above 
formula. The biirometi'ic pressure is assumed in this case to he 2'.*-5 
inches, and the abscisse represent pump capacity as a fraction uf (he 
cylinder cajiacily. Thus when the pump is "04 or j'gth of the cylinder 
capacity, the vacuum is 31-15 inches, which increases to 26'S2 inches 
when the capacity of the pump becomes ^th of that of the cylinder. 

The capacity in supposed to be varied by keeping the diameter 
Slime and varying the stroke, so that the depth of water over the vali 
is the same in all cases. If, however, the ratio of diameter to stroke be 
constaut fur the different sizes the larger sized pumps would give slightly 
better vacua relatively tu the smaller sizes. 

There is, however, in addition to this a good reason for not reducing 
the diameter too much, for in anch a punip as that shown in Fig. 4, Plate 
XXXV III., the area through the foot valves cannot be made more than acer- 
tuin fraction of the bucket area, and this fraction decreases generally as the 
diameter decreases j but even aaeuming it constant for different diameters, 
it is evident that the pressure required to forc-e the water through the 
valves will be greater for the smaller diameter than for the largcT. 

Huppoac the air pump, considered above, were to ran at Gil double 

strokes per minute, and that the effective area of the foot val^-es is ^ib of 

the backet area, then the mean speed of the water wonld have to be 

4-72 inches x 4 x 120 « ,. - . . , -,. ,. 

— = 3'15 feet per second, and it would roqnirefl 

pi-esBuro of -la.') incii of mercury to produce this velocity. If the veloc 
be doubled by reducing the urea, the proBsure would be ■.'>4 inch in sdditE 
to the pressure required to balance the water column and overoome fHction. 

The fluid frielion will vary api)roi:imntely as the square of the velocity, 
and '8 inch wonld probably not be too much difference of presanre to 
iillnw for forcing the water through the valves with a velocity of ti"8 feet 
per second, and -2 with a velocity -of 3-lfi feet [wr acTOnd. 

In the former case if the difference in the level of the water in the 
umdenser and in the air pump be equivalent to a pressure of •7.') inch, 
then the air pressure in the condenser must not be less than *75 + '8 i 
]-.'i5 indies, making, wi(h the vajiour pressure of i inches, a total aU 



inireM 

elooH 
IditlM 



fiuUbsol^H 



I THE PBrtrEn capacity of AIH PL'MI'R, 



pressure of 3'55 inches. If the pressure in the condenser falla below this 
the pump will not take n fiiJI charge of water, and will draw no air. with 
the iTsiilt that the air pressure will slowlj increase until it is sufficient to 
force the water throngh the valvea at a greater rate than that at which it 
accumulates in the conderlaer. The water level in the latter will thus 
gradually &1I, and air will begin to pass into the pump as well as the 
water. As soon as the pump commences to draw air the air pressure in 
the condenser will begin to fall, and will keep on falling till the reduced 
air pressure is not sufficient to force the proper charge of water through 
the valves while the bucket makes its upetroke. The water aad air will 
then accumulate in the condenser as before, and the cycle of changes will 
be repeated. 

This explains the observed fact that in many condensers the vnvnum 
slowly diminishes till a minimum value is reached, and then begins 
gradually t/> rise till a maximum value is attained, and then begins to 
IbII again. The variation may amount to ^ inch or moi'e, or it may be 
less, but it has a regular and definite period when the engine is working 
regularly. 

If the air pump is much too large for the work which it has to do, aa 
is the case with pumps fitted to surlace condensers, and having proportions 
suitable for working with jet condensation, it may happen that when the 
vacuum is at maximum value as above described the pnmps will not take 
a charge of either water or air for several strokes. 

This is easily explained when it is considered that the presaun: re- 
ipiircd to raise the valves is greater than that required to keep them open 
when once off their seats. 

Suppose the pressure in the condenser to be at ita gi'eatest, the valves 
open at each upstroke, and the pnmp draws water and air. The quantity 
of the former is insignificant, and as the pamp is large a few strokes will 
probably reduce the pressure in the condenser to that just required to lift 
the valves. The next will be the last effective stroke, for the air in the 
Condenser when the following stroke occurs will not have sufficient 
pressure to open the valves, and a few idle strokes may take place before 
sufficient air pressure has accumnlated to open the valves again. 

The mtiximuui attainable vacuum would in this cuse not lie increased 
by increasing the size of the pump, but would Ik limited by the pressure 
required to lift the valves. If this pressure be p, then the maximum 
vacuum would be height of barometer — vapour pressure — ji. 

Vertical air pump without foot valves. In the preceding case the 
operations taking place alwve the i>ucket were not considered, as the 
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Taciium depends only on tlie tiction he\nvr tbe bucket. Tt is true that if^ 
there were any leakage from the aimoBphore into the B(»acc ab<i\-c tltal 
bucket the pnmp vronld require more (xiwer to drive it, hnt sach leakags'l 
would not affect the ^-acuum so long iis the backet viilves remain v 
covered with wster. 

The case is entirely different when the ftxit valve is omitted, aince ii 
such n ]iump the vncimm depends chieflj? on the perfection of tbe vacnnnil 
in the Bpace between the bucket and delivery valven. If every joint! 
between this space and the atmoephere is well covered with water thero 
will not l)e any air leakage, and the attainable vucnnm can be found i 
much the same way as before. 

Suppose the bucket fall up as shown in Fig. 5, Plate XXXVIII. If I 
water is to pass the bucket valves the level of the water inside the tHUrdf 
will have to be considerably above the bottom of the barrel. 

As air passes into the barrel during tbe latter part of the npetroksl 
the level of the water in the condenser will not be much above the bottoitt. J 
of the barrel. The difference of head A It represents the eJtcess of the air 1 
pressure in the condenser over that in the barrel of the ]jnmp. Leaving 
inertia effects out of account for the moment, it is evident that as the 
bucket comes down the air below it will be compressed unless its pressure 
is Buf!tcieDt to lifl the bucket valves against the pressure of the water 
above them. By tbe time it has acquired this pressure the surface of the 
water inside the barrel will be lowered by an amount representing the in- 
crease of the air pressm^, as indicated by the line at C, After this the 
level may tend to rise slightly, since the air pressure required to open the 
bucket valves is greater than that reijuired to force the air thn.>iigh 
the water after the valves are open, but on the other band it is not to be 
foi^otten that as the air passes into the upper part of the pnmp the pres- 
sure in that part rises from that dne to the vapour pressure to tlie sum of 
the uir and vapour pressures, Tlie relative effects due to each of thest.' 
forces will depend on the size of the pump and other special conditions. 

If the pump is to take a charge of water as well as air the level of the 
water in the barrel must be more or less above the level of the top of the 
bucket when the latter is full down. 

Just as ihe last portion of air is about to pass the valves ami t[i« 
water below touching them, the diffurence between tiic air pressure in tlie 
air pump and that iu the condenser is represent^tl by the difference in 
level of the water above the bucket and that iu the condenser. 

Now if the water were not u> yield to the pressure uf the desoendiug 
bucket on its upper surface (in other wurdw, if it were to act as if there 
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were a foot valve), this difference in level woald be the sum oF (1) height 
of water above backet due to clearance; {-2) height lij which the water 
charge would raise the level; (3) height of top of bucket when full down 
iilmve water in condenser. Comparing this with the difference in pres- 
sure wliich was found to exist in the case of a pump with a foot valve, 
viz,, height of water above foot valve due to clearance + height due to 
entrance of water charge, we see that in the case of the pump without a 
foot valve the loss of pressure between the condenser and pump would be 
greater than the loss in the case of a puinp with a foot valve by the 
height of the water above the bucket due to clearance iietween it and the 
delivery valve. (This ia on the assumption that, for the pump without a 
foot valve, the difference in level between tlie water in the condenser and 
the top of the bncket when full down is the same as the height of the 
water above the foot valve due to clearance in the pump provided with a 
foot valve.) 

It would follow that the attainable vacnnm would be leas by this 
amount when a pump without a foot valve ia used instead of an otherwise 
exactly similar pump i^~ith a foot valve. 

The loBB of pressure will I* greater when allowance is made for tlie 
yielding of the water below the bucket. 

The determination of the extra height of water in the barrel which 
would be necessary in order that a full water charge should pass the 
bucket valves is rather complicated, and could not be solved except in 
special caseti. The following, however, is a, convenient way of considering 
the action. 

Let the downward velocity of the water below the bucket be it and that 
of the water above the bncket be U. When the two snrfeces of water come 
in contact after impact, both the water above and that below will move 
downwai-da with a, common velocity (less than U and greater than v) 
depending on the relative mass of water above and below the bucket, 
Tliis velocity will be less as the mass Ixilow the bucket is increased, and 
would be practically constant were it not for the resistance in passing the 
valves and the decreasing difference in level of the water in the coudemer 
and in the pump. The bucket is, however, moving downwai'ds with a 
velocity which is greater at first but gradnally diminishes as it approaches 
its lowest pcjsition, so that some time before it aiTives at the bottom of its 
stroke it will be moving with the same velocity as the water, after which 
no water will pass up through the ('alves, and the latter will close. 

The amount of water which passes the valves between the time of im- 
pact and that at which the bucket has the same velocity as the water will 
repi-esent the water charge per stroke. 
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It may be obwrved that in tbie case, na well as in that of the pam 
with font viilve, the water cliarfjo will be in exce§8of that due to a 
lation of condeiisod steam and condenaing water, since, while air only ii 
passing np through the valves, some water wiU leak back. 

Snch a calcnlation as indicated above, with its necessary carrectioiu 
for friction, change of direction of Huw, and etTucts due to the strikuigg 
of the water by the ribs, boss, etc., of the buoket, would, of course, be o 
of the question for general prnctical purposes ; bnt we may note that som 
results of the preceding are : — (] ) The effective capacity of an air piiiB 
withont fiiot valves is reduced by the volume of water which fills a leug( 
of the pump equal to llie extra height at which the level of the water in 
the barrel must stand in urder to provide for the yieJdinjf of this wat« 
under the impact of the bucket and the water above it; (i) this yieldiii| 
may t>e reduced by increasing the mass of the water which is set iu niotioa^ 
by the impact, and also by increasing the velocity of any portion of this 
water relatively to the velocity at the plane of impact, or, more concisely, 
by increasing Smr where m is the mass of the portion which is moring 
with the velocity r. 

Thus a good construction would lie to reduce the diameter of tbi 
cliamber iiiio which the lower end of the pump projects so that bho len 
of the water in that chamber wonld rise at a greater rat«. 

Other effects due to inertia and oscillation of the water cannot be o 
sidered here. 

The speed of the pump is an important factor, and the period of free] 
oscillation of the water would aS'cct its working to some extent, but it jsl 
probable the vacuum, as calculated on the above principles, wonld not bftv 
very far wrong. In pumps working in coimection with surface condensenw 
the quantity of water to be removed at each stroke is insignificant, audi 
if the bottom of the bucket valve strikes the water ii few inches from its 
lowest position enough water will proliably be piissed. 

The working of pumps of marine engines must be affected by thai 
rolling and pitching of the vessel ; drawing a large charge of water bi 
times and none at others. 

The common hori;!ontal double-acting pump, with the suction Talreal 
below, 18 said to lie not very efficient, and this is proliably the case. Ooel 
of its disadvantagcB is that the height of the water over the foot valves! 
is greater than for vertical pumps, and the loss of air pressure betweeal 
the coudcuser and the pump will be greater in conBe<|uence. Hiippi 
that at the end of the suction stroke the height of the water over UmI 
valves was 13'6 inches in excess of that over the loot valve of thel 
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vertical pump (Fig. 4, Plate XXXVIII.), with the sume dischftrging 
capacity the vacuiim maintained by the horizontal pump would be less 
than that given liy the vertical one by 1 inch. 

This would not probably repreaeat the wliole diffLTeiice between 
results from the two types, for the horiKontal pump is more liable to 
leakage as usually [aadc, and the Ml of the water ou to the foot valven, 
wheu the latter are about to open, ia another defect. 

However, it possesses this defect in a tesB marked degree than the 
pump shown in Fig. 7, Piute XXXVII., while the latter, beini; altogether 
a unique example of bad design, forms a good ilinstrntion of what an air 
pnmp ouglil not to be like. 

When the plunger is drawn out the water above and aronnd it falls 
on to the foot valves, which ought to !« jnst openinf; at this time. It 
will reqnire a greater difference of pressure to lift them against this 
impact, and, as in the ordinary horizontal pump, the static head will !» 
large too. The stuffing box affords a tolerably easy moans of acccsa for 
air, and any calcnlaLion wonld in all prolmbility give I'esiilts cousiderably 
vide of the mark ou account of leakage from it. 

Before leaving the subject of the capacity of air purape working with 
jet condensaticm, it may l>e of interest to consider how a change in the 
working conditions affecte the attainable vacuum. 

!f the temperature of the condenser be altered, as would be the case 
if the point of cut-off of the steam be changed without altering the 
quantity of injection water, the vacuum would be allcred by an amount 
equivalent to the difference in the I'apour tensions, due to the initial and 
changed temperatures. Tf the cut-off be earlier the temperature will be 
lowered and the vacuum increased, and if later, the temperatnre will lie 
raised and the vacuum diminished. 

If the temperature of the injection lje varied without altering its 
quantity, there will be a similar consequent variation in the temperature 
of the condenser. 

If the quantity only of the inj'ection be increased, more water and air 
will have to be removed, and the vacuum would be lowered in conse- 
quence of the increased air pressure in the condenser, and it would be 
raised owing to the reduced temperature of the discharge; the change in 
the vacuum wonld thus be the difference in these effects. 

Engines built for tropical conntriea may have to work with the in- 
j'ection water at Hni degs. Fah. <>r more. As .inch cases occur sometimes 
in practice, the following example is worked out for a single-acting 
vertical pnmp with foot valves : — 
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Suppose the temperature of injection water to be lnO degs. Fah,, t 
temperature of discharge = 120 degs. Fah,, the quiuitity of air dissolved 
beipg 4 per cent, by volume at 100 degs. Fah., and tlie atmospherie 
pressure 30 inches. Ijct us assume as before that the volume of water 
resulting from the condensation of steam is ■0i"lft.983 V per revoIiiUoH, 
V tjeing the volume swept by the Inw-pressure piston per stroke. TJ» j 
temjierattn'e of the condensing water rises by 20 dogs., bo that the wate 
required is ri2'5 times that of the condensed Bt«am. The volnme ( 
water to bo removed [wr stroke is 6:V5 X 'OOOSSS V = -0526 V. 

Now this will till tiie pump to n greater depth than in the fot-merfl 
case, and the loss of air pressure between the condenser and the barrel a 
the pnmp will in consequence be greater. Suppose it is I inch ini 
of -75 inch. 

If p Imj the nir pressure in the barrel of the pump, then the latb 
should have a capacity above the water level of 
4(!1 + 120 



■052 i;v ) 



" 4(11 + 1011 



— = -UiSU -■ 



I^et k 1)6 the cajMcity of the pnmp exprui 
the cylinder. Then 



aed as a fraetiou of that 6 



■l)526V + -0644 ' 
■0644 



whence ,_____. 

The vapour pressure corresponding to 120dega. iB3'42 inchea, and tiM 
pressure in the condenser will be 3-42 inches + 1 inch + p inch ant 
the vftcimm, with the barometer at 80 inches, 30 — {3'42 + l + p), ' 
Putting k = '08, -12, -16, -2, '24 in succession we shall find the corre- 
sponding values ofp to be 2ii5, -956, -fi, '43, ■SS, and the vacua 23"23, 
24^62, 24-98, 2515, 25-23. The result is shown graphically by thfl 
curve, Fig. 10, Plate XXXIX. 

To obtain the above results in practice the area through the valv( 
wonid have to be made larger in proportion to the larger Tolume t 
water to be dealt with. 

If the injection be clean spring water the vacuum attainable oo^ 
to be greater than the above, but if ou the other hand it be turbid r 
water the vacuum would perhaps be loss, since in the former case 
dissolved gas would probably not amount to more than 8 per cent. 
Tolume, while in the latter it might reach 8 per cent. 

It will thus be seen that in addition to the numerous observatioi 
which are necessary to give complete information as to the working < 
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any air pump the percentage volume o( dissolved gases would have to be 
known. It is, however, not a difficult muttiT to find this volurau with 
an acouracy sufflcJeDt for all practical piiqx)seB. 

It is more difficult to reconcile theory and practice when the surface 
condenser and the capacity of its att^undant air pomp are to he discussed 
than it ia in the case of jet condensation. 

The practice of most engineers seems to be to make the air piunp 
large enough to act properly with jet condeDaatiou, but smaller than 
the usual size of pump fitted to jet condensers. 

Ill such a case it may be interesting to note what vacuum should be 
obtained when workinft with jet condensation. Thus if the tempera- 
tures, etc., are the same as those used in the calculation of the ctirve in 
Fig. i), Plate XXXIS., it will appear on reference to that curve that -oS, 

or -— ^, (a common proportion), mi^jht be expected to give a vacuum of 

2(1 inches, always snpposing the valves were large enough in area for 
workiDK with jet condensation. A much smaller pump would donbtless 
give as good results when working with suriaec condensatiou if an 
automatic arrangement be employed to prevent the feed pump drawing 
air, and if the joints and piston rod glands are tight. 

If, however, the feed pump worked by the engine draws direct from 



the hot well, or from the 
some air must be drawn 
mixed with the water on 



air separatiug vessel, it seems inevitable that 
in. This air being agitated and thoroughly 
its passage t« and from the feed pump will be 
dissolved more or leas. Some which does not dissolve will find its way 
into the air vessel, on the feed delivery, and some may pass along with 
the water without dissolving. Whether this last action takes place or 
not depends a good deal on the design of the feed discharge passages into 
and out of the air vessel, and of course also on the quantity of air ; for if 
this is excessive the water level in the air vessel will lie kept near the top 
of the outlet pipe, and portions of air must [lass out occasionally as the 
water oscillates about. 

It is possible, however, fur some air to pass in bubbles along the pipe 
and be carried past the air vessels, for the following reasons: — Air bubbles 
rise upwards through water, l)ecaDBe their specific density is small. The 
velocity with which they rise depends on the difference l>etwecn their 
deueity and that of the water. 

When the air and water are subjected to. say, a pressure of lUO lbs, 
per B(|uai-e inch, the diffca-nce in their density is much less than wheii 
under atmospheric pressure. It will rcsnlt that the npward velocity of 
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the bubbles will Im I(?sb nud^r these conditionB, and it mny happt 
that tlie horizontal currents will eaiTy the bubbles along so fast that t 
will not have time to rise above the level of the top of the outlet pipi 
before arriving at its mouth. 

Attention should be paid to this fact in deBigning air veiSBels, a 
better for till the undissolved air to be liberated in them. 

Ah an example of how air in the feed water will affect the vacaua, sap- 
pose the water going along the pipes to the boilers to contain the maximiuu 
quantity of dissolved nir possible under the temperature and proaaiire con- • 
ditions existing in tbe pipes. This would be, at a temperature tif lOtM 
degs., and under atmospheric preBSure 1"52 per cent, by volume, bnt if ths" 
pressure lie 165 lbs. per square inch, or an absolute pressure of 13 atmoa- 
pberes, the quantity would he 18-24 per cent, by volume after the air is 
reduced to atmospheric preaaure. If the air pressure in the air pump 
be atiih of an atmosphere the above would expand to l(i!)-l'+ per cent., or 
the volume of the air would be about 11 times tbe volume of the condeoaelfl 
steam. If the volume of the condensed steam be taken as 'U00983T. tht 
air pump would have to remove a volume = ■i)llHY per rcvolntion; Lbi 
is to say, its capacity should be about t,Vth of that of the low-j 
cylinder. 

It is not suggeet(.'d that this is an accumt« representation of whj 
occurs generally, but serves to aliow jiow a small quantity of air intr 
duced by the feed pump affects the vacuum. 

If the feed arrangements preclude the possibility of any air being i» 
troduced except such as may be taken iutu solution in tlie hot well (ai 
this would be a very small quantity, protmbly not more than ^ per ocnt. bj "' 
volume at atmospheric pressure) the only manuer in which air can fiod 
its way into the condenser would l>e by leakage. 

It is possible that the decomposition of tl)e cylinder lubricant t 
evolve some permanent gases, but there docs not seem to be any infon 
ation on this point. If the air pump does not maintain a good vacaui 
when made of sutBcient size and having sufficient area through the valv< 
tlie result must be due to leakage int^i the pumps or into the cundem 
and parts in com muni en ti on with the latter. It is of coui-se impossible 4 
predict what will be the loss by leakage, bnt it may not be witfaoi 
interest to glance at tbe various places in which it may occur. 

In the pumps shown in Figs. 1 and 2, Plate XXSVL, the dischu 
valves and the joints of iheir seats are well covered with water, m ihi 
thei'e will he no air leakage at these places. 

There is a itosaibilitj of leakage at the end cover, bnt these joints a 
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eaailj made tight. Leakage nt the gland would be nearly aiire to take 
place unless a water seal is nsed. The vertical eingle-acting ptiraps shown 
in Figs. K and 4, Piates XXSVII. and XXXVIIT., are in the same way 
liable to leakage at the joints between the condenser and pump and at the 
lower doors, but these joints are likewise easily made tight. 

In the pomp shown in Fig. 4, Plate XXXVIII., however, there is a 
chance of leakage at the joint A. The air would pass down between the 
liner and outer casing and into the space below the foot valves. It is also 
likely that there would he leakage at the joint B into the space above the 
bucket, and although this would not affect the vacuum it ought to be 
avoided as increasing the work which the pump has to do. Both of these 
defects might bo remedied by making the retaining Up C an extension of 
the cast iron casing, as shown by dotted lines, instead of casting it on 
the delivery valve seating, or if it is necessary to give stiffness to the 
latter the cast iron extension may be used in addition. 

A similar provision is of much more importancfi when the pnmp is 
without foot valves, as any leakage into the space above the bucket affects 
the vacuum, The water should also have access to the rod below the 
stuffing box, as there is a danger, that if the joints between the cover and 
the valve guard, and between valve guard and valve seating are water 
tight, there will be an air leakage from the stuffing box between the 
Biirlace of the rod and the various parts it passes through. 

An air pump in which there does not seem to have been provision 
made for this purpose, and in which the retaining lip was cast on the 
delivery valve seat, kept a tolerably good vacnum. 26 inches nt full 
speed, 88 revolntions, but when running at 40 revolntiona the vacuum fell 
to 16 inches, a result no donht diie chiefly to leakage, though as we have 
seen, the speed may independently of that be a factor in deteimining the 
efficiency of such an air pump. 

If the speed of the engine be varied withont varying the point of cut- 
off or throttling, so as to give the same steam lines on the indicator card, 
and if the temperature of the discharge from air pump be kept the same, 
then the leakage per unit time being supposed to diminish as the difference 
between the atmospheric and internal pressures is decreased, the loss by 
leakage should be atone-half full speed slightly less than twice as ranch as 
for full speed ; that is, if the pressure in the condenser or pump lie raised 
by ^ inch by leakage when the engine is going full speed, then the pressure 
wonld be raised hy very nearly 1 inch when going one-half full speed. 

Such a set of conditions, however, is not likely to be fulfilled, as the 
steam has usaally to be throttled or cut-off earlier to reduce the speed. 
Now, in this case the leakage at the low speed may be greater than above 



t/A h% THE PBOPEB CaPICTTT OF ATE PTHPa. 

ifAu^XfA. UfT tlH? steam Kne oo the loir-prenare card will fall below 
tb^ atfiK>^/heric I'me tooner; and itznj of the leakage takes place at the 
UfW'ifr^mnr^ pUsLon nri gknl the leakage into the cjlinder will begin at 
an earlier f^Am in the stroke, and be more rapid also, since the steam 
line MU more qnicklr. The loss by leakage in snch a case wonld be 
nKire than tvice as mnch at one-half as it wonld be at fnll speed. 

The depreciation of the racnnm br lowering the speed is then generallj 
a si^ of leaka<^ if the fall is dae to an increased pressure of air. 

It ma<$t be kept in mind that in the case of an injection condenser, 
when the speed of the engine is lowered without altering the injection 
valve ofjeninfT, that the flow of injection water being approximately con- 
stant and the terminal pressure of the steam lower, while the volume 
passed into the condenser per unit of time is also diminished, the tem- 
perature of the discharge, and consequently vapour pressore, will be less 
than at full speed, and this will tend to increase the vacuum. 

On the other hand, the quantity of water and air to be removed per 
stroke of the pump will be greater, and the air pressure will rise on this 
account and lower the vacuum. 

Such effects must, of course, be allowed for before it is determined 
whether the fall in the vacuum is due to leakage or not. 

Similarly, if the speed of an engine exhausting into a surface con- 
(IciiHor Ik; reduced, the temperature of the discharge will be altered, for 
not only iH the tenninal pressure of the steam lower, but in passing over 
the tn])efl it remains lonj^er in contact with them; so that, even if the 
(juantity of water passing through the tubes were reduced in the same 
j)rop()rtion as the weight of steam to be condensed, the temperature of 
the vapour would be lower, and a better vacuum would be obtained. 

In most cases, however, the quantity of circulating water will not 
dinunifih in proportion to the speed, even when the circulating pump is 
driven by the main engine, for, if the inlet to the circulating pump be 
throttled, it will not take a full charge at the high speed, though it may 
at the low. This would further increase the vacuum by lowering the 
toiuporature, and consequently the vapour pressure. 

In well -constructed engines there does not appear to be much loss by 
h^aka<re, rtud constructors who have most confidence in their work and in 
those who are t-o have the care of it might reduce the size of air pumps 
workiuij: in connection with surface condensers, since they are unneces- 
sarilv hirire as ufcnenillv made. 

It is believed that if the leakage Ix^ slight the smaller limit to the 
usual pnv?tico (viz., one-tenth to one-eighteenth of the low-pressure cylin- 
der eaj^wity\ would give gixxi rosulu? 
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Tn calculatiug the vacuuiu by the method above given a bij^h tertuiiial 
steam pi-essnre was assumed, with a view to render the capacity of the 
air pump suitable to the maximum work which it has to do, but a more 
usual termiual pressure, at toast in componnd and triple engiueB, would be 
4 to ft lbs. absolute, and a condenser temperature of 8u degs. Fah., with 
injection at 55 degs. Fab., is not uncommon. The air dissolved is also 
not likely to be more than 3 per cent, for spring water. The curve 
(Fig. 11, Plate XXXIX.), represents the results of calculations made with 
these data to represent ordinary working couditiona. 

Now in fixing on the best capacity for an air pump, one of the factors 
to be taken into account ia the power required to drive it, for if this be 
increased so that the extra power would only lialancc the gain in power 
resulting from a better vacuum, due to a larger pump, it would not be 
any advantage to increase the size of the pnmp. 

Figs. 12 and 13, Plate XXXIX., are theoretical cards fVoni the sjiaoes 
altovc and below the bucket of a vertical single-acting air pump with foct 
valves. They are constrncted in accordance with the assumptions made 
about the action of such a pump. As the bucket descends the air below 
it is compressed but the pressure above it is constant till that air be^ns 
to pass through the valves. This part of the stroke is represented by the 
AB in Fig. 12, and by 6H in Fig. 13. The discharge of air and water 
through the bucket valves occupies the remainder of the stroke, and is 
represented by the lines BC and HKLM, there being a sudden rise of 
pressure at KL owing to the valves striking the wat^r below. 

On the upstroke the air is ccmpressed above the bucket as shown by 
the line CD. (The large scale necessary to show the lower part of the 
cards clearly prevents the upper part being represented.) The pressure 
below the bucket is constant till the air begins to enter, and this part of 
the stroke is represented by the line EF. During the remainder of the 
stroke the pressure rises slightly as indicated by the FG. 

These cards are for a pump with a capacity of g.'jB of that of-the 
cylinder, and the accented letters mark corresponding points in the cards 
of a pump of one-hall' that size or ij^ of the cylinder capacity. The 
difference in the areas of the cards is shown by the dotted sliade lines. 

It will be seen that the total power (exclusive of friction) required 
to drive one pump differs but slightly from that required to drive the 
other. The Iriction of the large pump would, ol' course, be greater 
thau that of the small pump, probably twice as great, if the capacity is 
altered by altering the sti'okc. 
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i-acuum gaiiicii by luukiuy the uapuoity uf 
thcpiim[i = J.} 5 instead of ,^.j would be ^ inch, and if the l»ack presiiiire 
on the piston be lowered bj the same amount tho gain iu |)ower would be 
equal lo \ inch x 13 5 = S'l inch prcEsure acting un the backet of the 
smaller pump during both strokea. If then the loss of power bj' JncreuaG 
of fHctiun, etc., is not greater than this there wonld be a gain of ]>ower 
to the engine b; increasing the size of the pump, but that gain wonld be 
no trilling tluit it need not be considered if there lie no other reason for 
making the pump larger. 

If the conditions be such as described iu Fig. 9, Plate XXXIX.. the 
gain of power would be greater, for the racuuin would in this case be 
introaaed by \ inch instead of \ inch. 

Lastly, under such conditious ns thfise from which the ctirve la 
Fig. 10, Plate XXXIX,, is plotted, the gain in the racnum wuuld be 
1| iodieB by increnfiing the size of the pump from lis to b-sb "f tJie 
cylinder capacity, and it would probably be better in this case to iucreaee 
the size of the pump still more. 

One uf the advantages to be gained by making the pump larg:u in all 
cases is the piovision this course affords for maintaining a good vacuum, 
even when there is leakage into the pump, condenser, pipes, or cylinder. 

One of tlie disadvantages is that if the capacity be increased by in- 
creasing the lengtli of tho stroke the bucket strikes tho water when 
moving with a greater velocity, and the strain on the bucket and valves 
is greater both near the lower and upper end of the stroke. If the capa- 
city be inereased by iucreasing the diameter only, the bucket will strike 
the water witli less velocity, since in this case the water charge of Ltie 
pump fills the barrel to a less height, so that the pressure intensity is leas 
than in the case of the smaller pnmp ; but it is more difficult to oiukc the 
parts strong enough to stand a given pressure per square inch on account 
of their larger diameter. If both the stroke and diameter be iiici-easi-d, 
then the effect will be interiuediute between those descriljed. 

Air pumps attached t« surface coudensers have an adrantage in this 
respect, for in many cases the water charge will only fill tlie barrel tQ a 
height of \ inch to \ inch, while with jet condensation this may b 
5 inches, more or less. 

Fi-om this it would follow that a bucket speed which would 4 
disastrous to a pump of the latter kind might be quite siife for one of 1 
former, but would not be safe If it had to work with jet uondeasabioi 
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The question of the strength of the working parte is, hovetver, beyond 
tlie scope of this pajier except in so fur as it limits the bucket B[»eJ, for 
in the theory here advanoed theru is an assumption all through that the 
speed in kupC within moderate liinite, otherwise it might require some 
modiScatioQ. 

As an eiample take the assumption that dninng the upstroke ofsuch as 
those shown in Figs. :!, 4 and 5. Plates XXXVI t. and XXXVIII., the 
et'Bporation proceeds at such a rate that the vapour pressure is not much 
short of that due to the temperature. It is evident tliat this will tw more 
nearly correct for low speeds than for high ones, but tiie actual error can 
only be found by taking cai'ds off the pumps at work. It is not sufficient 
to know the rate of evaporation from a free still Burface when the vaponr 
pressure Is less than that due to the tem[)eraturo by a given amount, for 
the agitation of the water introduces an unknown factor. 

The correctness of other assmnptiuus can likewise only be tested by 
comparing the results of trials with those which could be predicted by the 
foregoing ; and with this object in view, the writer has consulted all the 
published reports of steam engine trials which he could find, but owing 
to the fad tliat these trials were directed towards testing the engines as 
heat engines, some data — essential for aiTiving at a knowledge of the 
action of the air pump — were omitted. 

This will not be a matter for surprise if the tabulated list of 
requisite data given at the end of this paper be rend through, as such a 
collection would only be brought together if a complete test of air pump 
perfonnance was aimed at. Such tests may have been made, but the 
wiiter is not acquainted with any, and he regrets that in cf)nscquencc he 
Las had to abandon bis original intention of comparing predicted with 
actual results, and so dutermining with what degree of accuracy the 
preceding methods are applicable to practical work. 

Although such rigid tests cannot here be applied, it is hoped that the 
facte stated and the conclusions arrived at will help to explain the 
anomalies to be found in current practice. I'hus it has been aliowu that 
under ordinary' conditions if the capacity of the air pump be considerably 
leas than nsual, the bad I'CBnlts will be marked. If, on the other hand, 
the pi-oportions vary between the usual limits, tlie results will vary too. 
but in ordinary cases the variation in results will be slight, though under 
some circumstances pumps with nearly the ininiinum usual capacity will 
give appreciably worse results than if they hud been made with the largest 
capacity. If the L'apacity U- ind'eaaed beyond the limitfl common iu 
practice the resnlt wilt not be appreciably better. 
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The vnriation in dissolved gases in the t«m]>eralur^ of the injecMtm 
water and or the discharge in the turiniiial pressure of the steam, and the 
quantity evaporated during exhaust, all have an influence on tlie resnlts 
achieved hy the air pump. 

As the working conditions are seldom known with accuracy before- 
hand, the practical engineer will make the air pump of such a size that 
it will maintain a good vacuum under the most disadvantageous circnm- 
stances in which it is likely to be placed. 

If tlie conditions be such extreme ones as those which are asimmed in 
the calculation of the curve in Fig. 10, Plate XXXIX., he will be justified 
in making the pump one-fourth uf the cylinder capacity, but if it is 
certain that the most adverse conditions will be those from which Fig. 1 1, 
Plate XXXIX., is obtained, there is nothing to be gained by makiiig the 
pump more than one-eighth of the cylinder capacity. 

If the preceding methods and results shall give some assistauce tu any 
who may liave to design air pumps to work uuder special coudttions, or 
if they give rise to a diBciission which shall prove a valuable addition to 
the present scanty htenttnre ■>f the subject, the object of this paper will 
have been attained. It is granted that thure is no great economy to be 
expected from improvements in the common type of air ptuup. If any 
improvement can !« realised, it will be very slight, and negligible in 
comparison with those effected by modern devclopmenta of the steam 
engine. Nevertheless, to the true engineer nothing which concerns bts 
work can be a matter of indifference, and with the writer's belief that 
there arc many such in this Institution comes the conviction that they 
will not look upon the time which they huve spent on the consiciemtion 
of this question as thrown away. 



Data required to give full information on any air pomp perfoc 
auce : — 

l.—UmwiiiK" of puiuii, vulvoa, aiid inwagos, and abowiug iiidiotor u. 

2.— Particiilara of low-|iroMiire cjlindar. 

3.— CardB from low-prewmn; cylinder during trial, mid 

4.— C>rd« frniD Idhct niid npper ends nf pump, tu comis]iuniI. 

6.— Speed nf eugiiic- 

6. — Air diuoh-ed iu water. 

7.— UdB''t "* liaroineltr. 



0. — Tempcnilun' of colidunnur. 
10.— Temperature of iiija«lion, wliau jet cunduu 
11.— Touiporature of discharge, 
li,— yiiuiiitity uf diiicbai'Bi' (if iHnusibli-J. 
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If possible the above observations to be made at different speeds so as 
to estimate leakage. 

Note. — It would be better to check the vacuum gauge by taking 
cards off the condenser, using the same spring in the indicator as when 
taking cards off the pump. 



The Vice-President, in deferring the discussion till the next meet- 
ing, said he was sure they were very much obliged to Mr. Hamilton for 
such an exhaustive paper. 

This concluded the business of the meeting. 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



Fifth Session, 1«88-89. 



PROCEEDINGS. 



CLOSING BUSINESS MEETING OF THE SESSION, HELD IN THE 
LECTURE HALL OF THE LITERARY AND PHILOSOPHICAL 
SOCIETY, NEWCASTLE-UPON-TYNE, ON MONDAY EVENING, 
MAY 13th, 1889. 



F. C. MARSHALL, Esq., Pbbsidbnt, iir the Chaib. 



The Secretary read the minntes of the last General Meeting held 
in Newcastle-upon-Tyne, on April 8th, which were approved by the 
members pixjsent, and signed by the President. 

The ballot for new members having been taken, the President 
appointed Messrs. H. Charlton and S. Tatham to examine the voting 
papers, and the following gentlemen were declared elected: — 

MEMBjiiRS. 
Allan, Da>'id Thompson, Messrs. Black & Hawthorn, Gateshead-on-Tjne. 
Crawford, John P., 1, St. Vincent Street, Sunderland. 
Eltringham, J., Messrs. J. T. Eltringham & Co., South Shields. 
Garthwaite, John R., Messrs. R. Ropner &, Son, Shiphuilders, Stockton-on-Tees. 
Lindfors, Hugo, 16, Alexandersgatan, Helsingsfors, Finland. 
Smith, C. Hubert, Board of Trade, South Sliiclds. 
Whitehead, Francis, Messrs. Blyth Dry Dock Co.. Blyth. 

ASSOCLiTE. 
Jobson, W. J., Messrs. Robert Stephenson & Co., Engineers, South Street, 
Newcastle-on-Tjne. 

GRADUATE. 
White, Ernest T., 8, Belle Vne Terrace, Gateshead-on-Tyne. 
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Mr. J. B. DoDDS replied to the remarks made on his paper on 
"Corrosion and Pitting in Marine Boilers." 

The discussion upon Mr. J. H. Hamilton's paper "On the Proper 
Capacity of Air Pumps," was then proceeded with. 

This was followed by the closing business of the session. 
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MR. DODDS'S REPLY TO THE DISCUSSION ON "CORROSION 
AND PITTING IN MARINE BOILERS." 

Mr. DoDDH, in reply to the discussion on his paper, entitled 
"Corrosion and Pitting in Marine Boilers," said, the discussion had 
raised the question as to the manner of action of zinc on the hoiler when 
in metallic contact, as against its action when simply sospended in the 
boiler, such contact not being specially provided for. In his opinion zinc 
acted in two ways under these difl'erent conditions ; when in metallic 
contact it acted by becoming the positive or corroded metal, protecting 
all such parts of the boiler as were within the radius of its influence ; 
when not in metallic contact it acted as a non-excitant on such portions 
of the water as were in its immediate neighbourhood, but this action of 
zinc, in its metallic condition, would necessarily be small, as metallic zinc 
cannot diffuse itself sufficiently to act as a general non-excitant. As to 
the preseuce of air in the boilers causing corrosion, he considered, as air 
was always present, it was a constant tiuaotity and could not therefore 
be blamed for exceptional cases of corrosion. The use or disuse of 
cylinder oils was perhaps more a mechanical than a chemical question, 
and depended much on the quality of the oil used, a bad oil, with a low 
vapourising point and poor body at the temperature of the cyhnder, 
would certainly be injurious, but a good oil, of high vapouriaing point, 
and good body, at say 870" Fah., would, by its lubricating power, ease 
the working of the cylinder, and so effect a proportionate saving in power 
and in wear and tear. 

In reply to Mr. Spenoe, he must differ from him in so far as Mr. 
Spence considered the questions of coiroeion and pitting as different 
i[uestions ; this can hardly be the case, seeing that the same cause, viz., 
the chemical action of the water on the metallic surfeces occasioned both 
forms of deterioration. In the absence of local influences this deteriora- 
tion was general, and may then be classed as corrosion ; but when local 
influences intervened, this chemical action of the water on the metallic 
surfaces of the boiler became localised, and the full force of snch action 
was concentmted on certain small portions or sections of the boiler which 
have become positive to the remaining and greater portion of the boiler, 
thus causing serious local damage or deterioration — this form of deteriora- 
tion may be classed as pitting. These local influences were occaeioood 
by the presence of rust and of ditferences of temperature between one 
part of the boiler and another, and these differences were much more 
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iVequent ihan Mr. .Spence woald suggest, and it is on thuse parts of the 
boiler most likely to be Bnbjout to such inflaenceB, esjiecially that of 
temperature, that pittinfj is most frequently obaerved. In the caee 
mentioned by Mr. Spence of a set of furnaces which were said to be 
working under identically the same winditions, one was pitted and tiie 
others were free from pitting; from this itwaa only possible to prove thab 
the one furnace which was pitted was nut really wor'king under identical 
conditions, there must have been a difference, pcrhaiw unolmervablu ami 
unavoidable, but it mnat have existed to cause one furnace to pi6 
and the others to be free from pitting. Then ne to oils and iheir 
vapourising points, it may be pointed out that the vapourising point of 
an oil does uot indicate quite the same thing as the vapourising point o 
water. In the case of oils, the giving off of vapour indicates that tb 
oil is being decomposed and changed, if such vapour be condensed i| 
does not condense to an oil having auy one of the properties obsei'vabl 
in the original oil: — When water is vapourised and condensed il condenses 
to water again, no physical or chemical chauge having taken place, there 
fore the same law canuot be applied under such dissimilar conditions:^ 
And if the decomposition which product's the oily organic matters, 1 
are found combined with the bases in the deposits, took place i 
boiler and not in the cylinder, then one would expect to find ths 
free unchanged oil in larger qnantities than the changed or combined 
oil. This is not the case; there being ouly a small proportion of free ott 
found, therefore it would seem logical to argue that ouly very IitU< 
unchanged oil passetl fro[n the cylinders, ouly Buch as had undergoiu 
change haring passed forward to the boiler in quantity. He could aOt, 
accept the assei'tion that mineral oils are more unstable under oloctrioal 
infiueuces than are the sa.]ts of sea water; indeed his experience vat 
exactly the opposite to that. 

He uoticed that Mr. Putnam took exception to his theories whilst ht 
really did nut mean to advance any, but only to State observed facta 
Mr. Putnam said — "Take for instance the theory of the decomposition of 
sodium chloride;" in the petper there was no mention of mch decoui- 
posittou. Wliat the writer stated was that as the deposits from corroding 
Ijoilers contain a considerable percentage uf magnesic oxide in com- 
bination with oily organic matters, that the preseuce of this magneato 
oxide indicates that the magnesic salts of the sea water liad been decom- 
posed (page 196), but this is uot stated as a theory but as u demonstrated 
fact, because the very mlubk mogiiesia salts of sea water could uot otberwisa 
enter into the composition ol'un iimoli-hlf desposit. The amount of liydro-' 
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chloric acid liberated from those Baits by the actioo of this oily matter 
would be Email relatively to the bulk of the water, and it would be almost 
inetautaDeously neiilraliaed by action oa the mctAllic Burfaoc. In the case 
of the siimplee of water eiamined by Mr. Putnam, it vum surprising ihei'c 
should have been any idcreaaa of sodium chloride per giillou, as no such 
increase is warranted or possible under ihe cirounistances, as steam boilers 
possess no power lo create aodiuiu chloridei therefore the data which 
showed snch increase must be erroneous and unreliable. With regard to 
oils, the oils used in the cylinders at the time the deposits ^'iven were 
produced, were not impure oils, but standard biiinds of mineral oils. 
Animal and vegetable oils are well known to be injurious, but it can bo 
still further stated that minernl oils, under fiivourable conditions, may 
liecome conducive of corrosion by being oxidised when in a rapouruus 
form in the cylinder of a high pressure engine, forming acid cumpouuda 
capable of combination with bases. 

Mr. Salmon had asked "what was meant by r^ukrity in working the 
boilers, and as to caving in of furnace" ? I^tmply that, the supply of water 
to the iKiilers should be uniform and as nearly as p<jssible always the same. 
It would seem to be attributing a great deal to the oils to blame them foi' 
the collapsing of the furnaces. In the first place, oils are lighter than 
water and unless combined with other snlistances will not settle or sink, 
and the quantity present could not produce such disastrous results as to 
collapse a turnace, it would rather appear as if the supply of water to the 
boiler had been irreealar. But this was rather an engineer's than a 
chemist's qnestion; only from a chemicil [tuint of view, and considering 
the quantity of oils nscd, so gi'eat an effect could hardly be expected. 

The President said they had heard Mr. Dodds's reply to the various 
criticisms upon his paper at their last meeting, and be was sure they were 
very much indelited to lilm for the troulitc he had taken in bringing the 
subject before them. He aekcd them to accord Mr. Dodds a hearty vote 
of thanks for his i-aluable contrilmtiim to the records of the Institution. 

The vote was carried by acclamation. 
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DISCUSSION ON MR. HAMILTON'S PAPER "ON THE 
PROPER CAPACITY OF AIR PUMPS." 

Mr. R. Ii. Weiohtos thought they were very much indebtwi, to aay' 
the least, to Mr. Hitmikon for bringing this puper before them. It cer- 
tainly required » great deal of thought, and a gi'eat deal of working out. 
While he said that, hu hoped he waa at liberty to criticise some jwintfl 
adversely. On page 339 Mr, Hamilton said, " it is hoped that the facts 
stated, and the uonclusiooB an'ived at, will help to explain the anomalies 
to be found in current practice." This woe just the point on whicli he 
thought the paper waa defective. Hia difficulty — and he thought the 
difficulty of most engineers — waa to explain the anomalies cuiTent in prac- 
tice with air pumps, and more eepeciully with horizontal donble-actiog air 
pumps. So far as the vertical single-acting air pump was concerned, the 
paper fairly explained the phenomena found in practice with jet con- 
densation. In passing, however, from jet cundeDsatiou to surface con- 
densation there seemed to be some confimiou in the writer's mind. In 
dealing with jet condensation the air In solution in the condensing water 
is alone dealt with as the possible soiu'ce of a bad vacuum, and with which 
the air pump is coucemed. The amount of this air is assumed ti:> be 5 
per cent. When, however, surface ctindeusatiou is approached, it is 
admitted that this source of bad vacua is reduced from 5 per cent, to 1 
per cent.; but leakage of air at glands, etc., is token account of 
explaining the fact that the vacuum generally attained with snrfaoe oon* 
densatiun la not by any means so much better than that obtained under, 
jet condensation us the theory advanced would lead us to expect. Now, 
the confusion here consists in taking aecouutofair leakage through glands, 
etc., in the case of surface condenBatiuu, and in ignoring such leakaj^ in 
the case of jet condensation. Such leakage exists in both cuses, and should 
be taken into account in both. It is, however, when the question of the 
horizontal double-acting air pump is approached that all theories hitherto 
advanced fail to account for observed phenomena in practical work. The 
writer of the paper points ont — and very properly so — that the vacuatn> 
in the case of the vertical pump is very largely dependent, in any givi 
case, uiKin the depth of water over the foot valves — the less the de] 
over the foot valves the better the viicuum — and he gave a drawing ^Fi 
I and a, Plate XXXVI. ) of whut he (Mr.Weighton) presumed to lie a typii 
horizontal pump, in which pump the foot valve is entirely uncovei 
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daring a great part of the stroke. The Tactmm with such a pump ought, 
according to theory, to be very nearly perfect. As a matter of iact, he 
(Mr. Weighton) had designed a pump simiiar to this, in so far as the foot 
yalve was uncovered daring most of the stroke, and the vacuum was 
just ahout what is currently rcahaed with horizontal pumps, (See 
Plate XL., for a sketch of this pump.) The depth of water over the foot 
valve certainly does not determine the vacuum attainable in such pumps. 
In feet it does not appear to have very much influence npon the vacuum. 
Hence he (Mr. Weighton) held that the explanntion given in the paper 
of the anomalies they foand in practice was not sufficient, Rethought 
as regarded the size of pump for any given vacuum, the writer showed 
very distinctly how, within certain limits, size had nothing to do with it, 
or very little. They wonJd observe from Diagram 10. Plate XXXIX, 
the increase of size raised the vacuum very, little. Assuming these 
calculations to be correct, it would be seen from inspection of Diagram 10 
that the gain in vacuum by increasing the pump five times is barely 10 
per cent., a gain which will certainly not compensate for the increased 
power required to operate the enlarged pump. 

The President said, the question of the capacity and efficiency of 
air pumps was a very important one. and he thought tliey would show 
their appreciation of the industry of the author by taking part in the 
discussion, and introducing any illustration they could call to mind. He 
might say that he Jiad one caac specially in mind, a double-action pump 
converted into a single-acting pump, where, though the capacity was 
reduced to one-half, the vacuum was very much better with the single 
than the double-acting pump. This was Bomethiiig like what was done: — 
A bucket was made ; but instead of this bucket being made solid, work- 
ing in a cylinder, it was made with valves hung as shown in the sketch 
(Plate XLI.). One set of delivery valves were closed at one end of the 
pump, and those at the other allowed to act; theoneset of suction valves 
were closed and the other allowed to act, and so the pump was made 
practically single-acting and reduced to half its capacity, but the vacuum 
was very much better. In fact, he thought they got something like three 
inches better vacuum. The secret of that was simply this — the water drawn 
in through this valve waa lying on the bottom of the air pnmp, and when 
the bucket wont back into it, it had no resistance to overcome, for the 
inertia of the valves was overcome by the movement of the bucket and 
discharged perfectly free, and there was an alisoiute vacuum left through 
the ptimp, there being no resistance on the valves. 

There was no further discussion. 
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ME. HAMILTON'S REPLY. 

Mr. Hamilton, in replying, said he regretted there had not b 
fuller diFicuBBion, as dotibttesB Lhcre were defects in matter or t 
which a (;ood discussion would have brought to light; but it was diffiaih 
to make up a criticiBm on such » paper ns this without the aid of the 
diagrams. He tliought that Mr, Weighfam did not quite caU^h the huId 
idea of his paper, which was to ahuw in a general way. irrsBpectire of 
special coustrucliotis, how the vacuum ought to depend on the uapacil; 
of the air pump, aud to draw the attention of members to the laws which 
govern the preBSiire in. tlie eoudenser. His excuee for liringiiiK such 
simple aud elementary matter before them must be the fact that even ihr 
best writers on the steam engine gave either no information at all on 
this subject or else their trealmenl of it was inaccurate and very io- 
comptete. 

With regard to Mr, Weighton's objection that he had not taken leak- 
age into account, in the case of jet condensation as well as in thai of 
surface condensation, they would find that be had assumed leakage lo be 
the cause of a bad vacuum, when a good one might be expected from 
other considerations; and a reference to page iHG would show that he in- 
tended the remarks to apply to jet as well a» to surface condensers. 

The depreciation of the vacuum would, however, l« greater in the 
latter case, for, since the air pump would be much emuller than the pump 
on the jet condenser, while the leakage per unit time for the same siehI 
engine would be presamably the same, it would follow that the lowering 
of the vacuum would be much more marked in the surrocc condenser, 

Mr, Weightou seemed to think that, accoi'diug to the theory ad- 
vanced in the paper, the vacuum should be much leas for the jet than 
for the snrface condenser; but with the usual pump cupacities, aud the 
same condentter temperature, the vacuum ahoutd not differ by more than 
^ or I inch, and this would be partly due to the difference in depth of 
water over the valves. 

His remarks on the bad reaultA attained with horizontal double-sot' 
iiig pumps evidently referred to those used in marine work with surface 
condensers, and in most cases running at a comparatively high speed, for 
the most widely used double-acting horizontal pnmp — viz., tite kind 
which was applied to many horizontal sUitlonary 'engines with jet cod- 
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densers — did not give results so very much worae than vertical pumps; 
and in such cases as he (Mr. HaiDilton) was acquainted with, the differ- 
ence in the vacnnm could be noavly accounted for by tlie extra height of 
water over the valves. But the interesting example adduced by Mr. 
Weighton showed that this was not the case, for the pump represented 
in Plate XL., which, as he (Mr. Weighton) pointed oot, resembled 
that shown in Figa. 1 and 2, Plate XXXVI., in that, the suction 
valve was not under water during the wliole stroke. There were, how- 
ever, very important differences between these two pumps, one of which 
was that the bucket of the latter was always completely immersed in 
water, while in the former the upper portion was uncovered during the 
greater part of the stroke — in fact almost to the end of the delivery stroke, 
for they should always bear in mind that with a regular discharge of 
water the quantity discharged at each stroke would be extremely small, 
say about riirth of the pump capacity. As it would he very unlikely 
that with ordinary workmanship the bucket should be quite air-tight, 
the i-esnlt would be that the vacuum would be spoiled by leakage past it. 
On referring to Plate XL., it would be seen also that the highest 
point at which air could escape was a little below the level of the 
top of the barrel, and if the surface of the water rose graduaUy and evenly, 
without breaking up or oscillation, the au' would be nearly all discharged 
first, and during the last T-J-nth of tlie stroke water would he discharged. 
But the water did not move in this way iu such a pump as this when 
running at a high speed. There would be violent agitation of the water, 
the Burfuue would he greatly broken up, especially if the delivery passages 
were in*egular iu form, and the consequence would he that the whole of 
the air in the pump barrel would certainly nob be dischai'ged, but some 
would remain and be compressed up to the discharging pressure, and 
thus, even though the bucket were quite air-tight, the pump could not 
maintain the full vacuum. Supposing the volume of trapped air at Ihe 
" end of the delivery stroke were -fVth of" the pump capacity, and that the 
discharging pressure were SU inches, then the pressure in the barrel of 
the pump when the bucket had got to the other end of its stroke would 
be ^ = 3 iuchcs greater, and consequently the vacuum •! inches worse 
than if all the air had been discharged. 

If the pump had Wn drawing from a jet condenser, the wat«r cur- 
rent towards the delivery valves would probably have helped to carry 
some of Dhe air out with them; but with such a very small discharge as 
occurs with surface condensation there could not be any appreciable 
currents. 
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This nrraogement of delivery valves was another point in wliich tl 
pump differed from tliiit shown in Figs. 1 and 2, Plate XXXVI, in 
it vas intended that the motion of the surface of the water shonld be 
Himjily a rising and faihug one, and the action similar Ui that of a ver- 
ticnl pump. The delivery valve was placed at the highest point, and 
spread over the whole extent of the water Burfncej and there were no 
irregnlaritiea or pockets In the space below the valve, so that the oscilla- 
tion of the surface would be reduced to a minimum, and there would be 
much less danger of trapped air. At the same time the pump wonld not 
be suitable for very high speed, but would do for moderately high speed 
if the area of the water surface were increased in projiortiou to that of 
the bucket, so as to (■educe the working speed of this water surface. 

It would also be belter, if possible, to increase the bead of water ovtfl 
the barrel by raising the suction and delivery valves, making the vertioall 
part of the same diameter throughout from the delivery valve down to'l 
the barrel, and thus getting sufficient pressure to produce the horizontal'! 
acceleration of the water in the barrel. The fiap valve would also ban 
to be replaced by a rubber valve or rubber-faced valve. 

The principle of making the working speed of the water bid 
moderate was used in the Porter-Allen high speed engine, and the bucket 
in thi3 Ciise was replaced by a plunger with a shell-shaped end pasBJog 
into a mass of water in a rectangular boi, so that it was a single-acting 
pump. A somewhat similar pump to this might be nsed for very higji J 
speeds. 

Passing on to Mr. Weighton's remark that the theory did not aooooiitl 
for the usual practice as to the capacity of pumps working with surface! 
condensers, he was prepared to admit that it was so, unless, it were'! 
assumed that the pump was made so large that if oeaision required i^J 
coald keep a t^ilerabiy good vacuum with jet condensation. 

That, when everything was in good oi'der, the pumps usually fitted Mil 
marine engines were unnecessarily lacge when working with jet con-^ 
densation, he thouglit was illustrated by the air pump cards shown in I 
Figs, A and B, page ^53, for which and for other information lie i 
indebteil both to Mr. Alexander Taylor, the designer, and Messrs. Douglu 
and Grant, the makers of the engines, which were among the earliest. 
built on the triple compound principle. The capacity of this pump « 
i.'iith of that of the low-pressnre cylinder, and they would see that, 
although three strokes were shown, there was only one discharge, because 
only one rises alwve the atmospheric line. 

The President — Your inference is that neither of the dotted lineaj 
discharge at all r 
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Mr. Hamilton — Yea, becanae if there was a discharge the line wooU 

ri)«.' above the atmoBpheric line; and he thought this showed that the 
[H11T1II wflB nnnecesHflfily large, Tor if it had bten about one-third of the 
si7* thtTC would pn.bnlJy Ik; a dischiirge every stroke, and the Tacuuin 
wfiiiKI doubtleas I* juel as (^ood. There waa, however, not tnnch objec- 
tion to making tlie pump large, lor the difference in power required to 
drive it would not be very great, as the power de|jended in the firet 
instance on the vohime of water and air delivered, and as thia was inde- 
pendent of the size of the pump the differeiiee in power would be due Ut 
difference in fi'iction, etc. 

The case cited by the President, in which an improvement in the 
vacuum followed the conversion of a double-acting pump into a single- 
acting one, sugjiested to him (Mr. Hamilton) the liability of horizontal 
pumps to form air traps which was a point he did not get into his [dpeE^— 
and he thought thia hypotheaia would eitplain the resnit uoinplet 
while the fact that the improvement was apparently not afTectfd 1 
reducing the capacity to three-eighths of its former value emphasised the-'* 
above remarks on the capacity of pumps on surface condensers. 

They would aee {Plate XI-I.) that though the delivery valves were 
placed well up in this case, yet the passages leading to them were vo^f 
irregular and there would probably be some air trapped. 

Calling the truuk or the auction end the front end, it woold t 
evident that as the bucket moves forward the inertia of the water in- ' 
creases the pressure on the front and decreases the pressure on the back 
of the bucket, so that when the level of the water is the same on each 
side of the bucket the valves would probably open and the water begin to 
pass through them. 

As the quantity that passed through at each stroke wonld be very 
small with surface condensation, the level of the water would be about 
the same on each aide of the bucket when the latter was iiill forward. 
Supposing that the total clearance at the auction end was equal to the 
volume opened out by the backward movement of the bucket and fe 
also that when the bucket was full forward the level of the water in 
barrel was op to the centre line, and that the water in front of the bncket ' 
occupied one-half of the clearance space ; then, when the bucket was ftiU 
back, the air in front would have expanded three times. If the vohime of 
air trapped on the delivery side were the same as before the pnmp was 
made single-acting, say yV'h of the volume opened out behind the bucket 
on the forward stroke, the air pressure in the pump at the commence- 
ment of the suction stroke would be f^ = 2 inches (supposing that the ' 
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qusDtit; of air which enters from the cx)ndetiBer is bo slight that the 
incresse of presBure due to this cause can be iiegltKited), and the air 
preBsure in the front end, at the end of the suction strolto will be J inchi 
thus there wonld be a gain of 2 — | = IJ inches by making tbe punip 
single-acting. But there would also be less depth of water over the 
BQction valves, say 4 J inches = ^ inch mercury ; thus the gain iu vacuum 
wonld be 1| inches. If the volume of the trapped air had been ^th in- 
stead of ^th of the capacity, the gain would be4 — iH-3 = 3 inches, 
and so on, the improvement increasing in proportion to the rwm for 
improvement; that is to gay, in proportion to the volome of air which 
escapes dischurge. It would be a matter of opinion how much air would 
probably be trapped, but a horizontal air pump on a surface condenser, 
wonld, of all pumps, be most liable to this defect, on acconnt of the 
small water delivery and the comparatively high speed which waa usual. 
Mr. Weighton had asked how he (Mr. Hamilton) would propose to 
increase the efficiency of the double-acting horizontal piirap ; and lx:liev- 
ing that the inefficiency was due to the ubove causes, he would suggest 
the fulfilment of the following conditions: — (I) The area of the free 
water surface should not undergo any andden or rapid variation as i t rises 
and falls. (2) The delivery valve should cither spread all over this 
surface, or, if smaller than the surface wbeu the latter is below its upper 
position, tbe boonding metal walls should be ef|U8lly inclined inwards 
with on easy slope, so that when the water surface is just about to touch 
the bottom of the delivery valve the latter should cover the whole surface. 
(3) The auction valve should be so placed that towards the end of the 
stroke it will have little or no water over it, but should be completely 
covered when the bucket has made a small portion of tbe dischai^ 
stroke. (4) A water seal should be used where the trunk, md, or plunger 
enters the pump, and the delivery valves and joints should be well covered 
with water. The condition 1 would lead to the condition that the bucket 
should be always completely immersed in water, and also to the condition 
that there should not be any irregnlarities or pockets in the delivery 



It was a veiy rare esse in machine design in which all the conditions 
of efficiency in working could be carried out ; for sometimes Lhey would 
conflict with each other, sometimes constructive difficulties would have to 
be faced, or economy in manufacture considered ; or again, want of space 
or of ac<«B8ibility wonld step in to prevent their fnlfitment, And so it 
would be with air pumps, which had not only to be efficient, but also 
accessible, and often were re<juired to go into a cramped space ; but he 
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The PkBBtDBT nid he m nre thgr would oD agree with Una tkt 
the aoKNiot of neeaich and thought that Mr. Hamilton had hertowedca 
this inper dcaerved from them their hearticit thanka. Thej "mniaj 
much indebted to waj one who would take up one part ci the merha n i mi 
with wfaidi thqr bad to deal from day to day and analyae it aa thono^ 
aa Mr. Hamilton bad done in thii caae. He oonld aiaiiiii them, if afl Iht 
memben of that Inetitntion bad had aa moch dilBcnttj with horianntJ 
pnmpi aa he bad had in bia lifetime they would be raj thankfol fir aaj 
freib infonnation on the sobjecL It was one requiring ftnther illnata- 
kion in thdr drawing olBcea. Here was a good fidd ifar any of their 
young gentlemen who wished to advance in bis pvofeasion, and advaam 
bis prof esrion. He begged to move a hearty vote of tfaanka to Mr. 
Hamilton. 

The motion was cordially acceded to. 
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CLOSING BUSINESS. 

Articles of the Constitution and the Bye-Laws. 

The President said this was the final meeting of the session of 
1888-9, and there were some matters to be brought before them, in 
accordance with the bye-laws, for their decision. He begged to move on 
behalf of the Cooncil that the following alterations or modifications be 
made in the Articles of the Constitution. These alterations had received 
the very careful attention of their Council, and it was for them to ratify 
or do otherwise as they thought proper that night. Probably they had 
not the Articles of Association before them, but he would indicate as 
clearly as he could what the modifications were. In the firet place, in 
Articles VII. of the Constitution, the Council suggested for their 
adoption that the clause relating to Graduates should read: — 

** Graduates may be persons under twenty-/owr years of age, engaged 
in study or employment to qualify themselves for any of the above 
professions. Their subscription shall be half-a-guinea per annum." 

They might remember that there was a good deal of discussion on 
the question of increasing the subscription. 'I'his had been done with 
the view of meeting a certain number of objectors to that increase, by 
extending the age of Graduates from twenty-one to twenty -four, the Council 
supposed an age when he would be earning sufficient to make the 
difference between the guinea and half-guinea less of a hardship to him, 
and therefore that modification was proposed. 
In Article IX. it was proposed that: — 

"The Oflficers of the Institution shall be elected from and by 
members, and shall consist of one President, the Past- Presidents, nim 
Vice-Presidents, fifteen Councilmeu, and an Honorary Treasurer." 

The alteration there was from the word *' six " to the word " nine." 
It was thought desirable, as a matter of policy, that their Vice-Presidents 
should number nine instead of six, in order that they might secure the 
services of a greater number of Councilmen on the Board. The next 
alteration was Article X. : — 

"The President and Honorary Treasurer shall be elected annually. 
Three Vice-Presidents and five Councilmen shall be elected annually. The 
retiring Vice-Presidents and Councilmen shall be those who have served 
three years from their last election." 

They would thus have three Vice-Presidents retiring each year, in the 
same way as a certain nnm\)er of Councilmen was i)rovided for by the 
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next cliiiiBe, tilt! nlturation being three Vice-Presidente itist«ad of [«o 
Vice-PresidentB. He Hhoiild leave it to them to say whether the; shuoW 
be voted m biw or taken separately. 

The meeting lianiig declared for the former, the President moved 
that Articles VII., IX., and X,, be inodifii^ ae suggested by the Council 

Mr. TathAM seconded, and the proposal was unanimously adopted. 

The President moved the following iilteration in Bye-Law fi ;— 

"All subscriptions shall be payable in advance, and shall becoiB; 
dtie on the 1st of Jnne each yuar. A»y Member, Associate, or GraduOi. 
Wiehinff to retire from tlie ImtiMien fliaU rotitinw to ItP Uablr for tut 
annual mhsrripthn nntil h« shall Juitv ffivm formai notice of hi9 rrtirnM^i 
In the Stfretnry, irhirh notve tnml bf giri-ti on or hrfor" Ihf. Slrt of Avgwl 
in earh yeor. Applicatiou for membership may Ikt made at any tiinr 
during a session, and the subscription Hhall cover the membership Qp to 
the Ist of June following." 

Mr. W. Boyd seconded the motion, and aaked to he allowed tn xj 
n word or two in favour of the change proposed. Past and preeent 
Members of Council knew that one of the great difficulties they had tn 
contend with was the payment of subscriptions. In carrying on th* 
financial affairs of the Institution they would be able to get on v«y 
much better if niembera would only pay their Bobecriptiona at the opening 
of the session, and though he did not happen to be present at the Conadl 

(■ h tl ■ It f iopted, yet, uotwitbstimding- that, it 

Id) t re 1 p I H ght without any breach of confidence hf. 
tl f,l t t k tl II ty fsoy J. tlmt cases had l)een known in wliicli 
g tl m 1 bers t tb s Institution, had justified themselves 

f t pay g b pt tl e ground that the mere fact of non- 

jia t t t t t th giitttion of their membership. Now, 

tl t J t k 1 H knew of no Institution in existence, 

dl as nl fag! many, where such an argument iis that 

li I Id te I gi K'nt, yet there it was an argnmeiit 

w! h w Btd t tl ncil to Justify the non-payment of 

lisc pt Of rsi. f t re universiilly used the Institution 

would colliipse. They i/oiild not get on nitboiit subscriptions, and 
accordingly tliese conditions had been drawu U|i, the etiect of wjiicb wa* 
to cut Liu' groiiud fmui undcniuath tlic feet of those who chose to uw 
such au argumi'iit a.« that in future. It would lie distinctly stated in 
the Bye-Tiaws of the hiKtitution that resignulion from the Institution 
must 1* a distinct and vohintary net, notified to the Secretary in a proper 
iMul liusiufsslikc \v.\\: 
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Mr. Tatham — May I ask, if a member does not pay his subscription, 
will the Council stop sending the Transactions to him ? If they can 
only get the Transactions that is all they want ; many members never 
come near the Institution. 

Mr. DucKiTT (Secretary) said that the bye-laws in regard to that 
afiected only the current session for which a member would get the 
Transactions, but until he had paid he did not get the publications for 
the following session. A defaulting subscriber got the Transactions for 
one session, but that they could not help. 

Mr. Tatham — Could we not make some better regulations ? 

The President said he did not see how they could. They began 
the session nominally, or rather it terminated, on the 81st May in each 
year, and the next session began. The subscriptions were due on the 
let of June; but as a rule, very few of the subscriptions were paid before 
the first meeting in October, and some did not pay till this the last 
meeting of the session, or the last day of May. In the meantime the 
Transactions for the current session were going out, and if copies were 
only sent to those clear on the Treasurer's books, many of their members 
for whom they had a great regard notwithstanding the non-payment of 
Aeir subscriptions, would be shorn of their important publications for 
the session. He thought their bye-law fairly met the case, and they 
must take the risk for one session. 

Election of Office-bearers. 

The President said he had to declare that the following gentlemen 
had been elected by the Institution, or a certain number of the Institu- 
tion, to fill the posts of President, Vice-Presidents, and Councilmen for 
the ensuing year. There had been sent in 110 voting papers out of 760 
members — that was, only about 15 per cent, of the total membership 
voted; but the result of it was that they had done him the honour of 
electing him for another year as President. He thanked them now for 
the honour, and should do so again. 

Preirident—ME, F. C. Mabshall. 

Viee'PreMident$—'iiiES8VL8. John DiCKnrsoN, William Gray, Perot Hall, 

Arthur Laino, and Robert Thompsok. 

Man, Treasurer — Mr. B. O. Nichol. 

C&uneilmen—MmsRB. John Gravbll, L. Rubdbit. G. W. Sivbwbtoht, 

J. C. Stikzamr, and Albx. Taylor. 

J J 
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As their PreBideot he had very great pleaaure in Weteoming those gentle- 
men, while BympathisiuK with those not elected to their Conncil Board. 
He was (jaite sure the gentlemen selected would be a great help 
addition to it. 



ExcuBBioN TO Forth Bhomje. 



aoi- 



The PnBamRNT called Bttention to the proposed excureion of [he 
Institution to the Forth Bridge on Wbit Tuesday, June 1 1th, and to the 
arrangementfi made for the occasion. 

Mr. Boyd said that in the notice of the excursion there was a certain 
amount of doubt throwTi upon the qnestion as to whether the excunion 
would take place. Were they to understand that it would go on ? 

The Presidest said that 140 membere had already signitied their 
intention of taking part in the escursion, and that it would take place 
WK» certain. A great many ladtee were going, and though not memben 
they would he very glad to see them. ^^ 



TOTBS OF ThANKB. ^M 

Mr. Boyd said, it fell to him to propose a vote of thaoks U> their 
retiring President (Mr. P. C. Marshall) thanking him for his services in 
the chair during last year. Before passing on to what he had to say 
abont Mr. Marshall, he should like to take this opportunity of congratn- 
iating the Institution that the eicursioa to the Forth Bridge waa to come 
off. It was a matter in which (together with Mr. Marshall) he had felt 
a great deal of interest, He had hoen, he thought, three times to the 
Forth Bridge himself, and felt sure that nobody who wonld go there on 
the lltb June would feel his time or money had been wasted. He had 
seen the briJge in its initial stages, he hoped to see it on the llih June 
nearing completion. It was certainly one of the mnat remarkable facts 
of the age, so far aa Great Britain was concerned. Whether it was out 
out by the Eiffel Tower or not he did not know. He had not had an 
opportunity of seeing that work, hut he was quite prepared to rest the 
reputation of Great Britain, whether as a work of art or of usefulness, 
upon the Forth Bridge. He thought it would bear comparison with that 
of their neighbours across the channel. So far by the way. He waa 
sorry that owing to various circumstances, some temporary and some 
permanent, he had not been able to attend the General Meetings of tJ 



PROOBEDINOS. S61 

Institution during the last seasioD as well as be would have liked. He 

tnisted noDe of the membei'a who had noticed hia absence woald think 
his intereac had abated. His interest in the Institucion was as keen and 
fall as it was five years ago, and knowing something of it« working, he 
knew the tax it most have been upon their President (and would be so 
again for another year, since he had l)een good enough to nndertake the 
duties for another year) to control the working of the Institntion. It 
had now arrived at a stage where it assumed very formidable proportions, 
and taking the chair for a couple of hours once a month was u very small 
part of the duties. The President had to discharge some most onerous 
duties for the welfare of the Institution. Then Mr. Dnckitt had to be 
attended to, and he (Mr. Boyd) could assure them he was most pertina- 
cious in being attended to, there was no getting rid of him, and of course 
all these things had to receive the attention of the President, and many 
other matters into which he need not now enter. Mr. Marshall had, he 
was quite snre, won the esteem and regard of the Institution, and their 
respect for the way in which he had conducted the business of the Insti- 
tntion at the General Meetings. He was quite sure he expressed the 
feelings of those listening to him that night when he asked them to 
join him in , the proposed vote of thanks to Mr. Marshall for his conduct 
of the affairs of the Institution during the past session, and he begged 
to thank him personally, while he was sure the members of the Institu- 
tion would join in thanking him for being good enough to spare from 
the very great claims they all knew were made upon his time a certain 
amount of time to conduct its afTatrB. During nest session it was very 
important, because this coming autumn, as they knew, the firitish 
Association were about to visit Newcastle, and there was no doubt the 
Institution — he was going to say he hoped, but corrected himself and 
said he had no doubt the Institution would make itself felt during that 
visit as one of the scientific Ixtdies which had a home in this district, not 
merely in Newcastle, but in the North-East district altogether; and he was 
quit* snre it would be the wish of every member of the Institution that 
its vitality, influence, and general usefulness should be made clear to 
those who came to Newcastle. They could not be better represented, or 
have a better gentleman to call attention to the existence of the Institu- 
tion than bis friend. Mr. Marehall, who had been good enough to take 
the presidency for another year. 

Mr. H. Chahlton had very great pleasure in seconding the motion 
proposed by Mr. Boyd, As one ol'lhe niembere of the Council he had 
seen the great care and attention with which Mr. Mnrahall had presided 
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over the bnsineBB of the meetings, and 
Mr. Boyd. 

Mr. Boyd put the resolution to the meeting, and it 
acclamation. 

The PREaiDBNT assured the meeting he felt Tery much the kinl 
words spoken by Mr. Boyd, and tho hearty wsy in which they had be« 
received. He considered they had done him the greatest honour fiiej 
could have done in electing him to the office of President for anotfav 
year. He was perfectly couBuions, keenly conacioue, that he was any- 
thing but a. good chairman and that he liod very often failed in tha 
discharge of his duties. During last year he had not beun able, &oa 
reasons many of them knew, to give that attention to the meetingB which 
the interests of the Intttitution demanded. He had been absent, how- 
ever, always very much to his regret. It was a greut privileg^e to presidi' 
over an Institution of ihis nature and he felt it a great honour. H< 
thought during the Inst year they had prospered abundantly. The 
Ljstitution had grown in its memliership largely; he did not know bow 
many had been added in the year, but they now num)>ered some 750 
members, and the progress this year had been certainly equal to any year, 
if not more than any year excepting the first, and this he held to be due 
not to any efforts of his or of theCouncil, but to the intrinsic value of the 
papers and of the meetings of the Institution. He was sure tliey would 
agree with him that the meetings daring the past year had been of a very 
valuable character. In fact he knew, as he had the honour of saying 
at the dinner of the Institution of Mechanical Engineers, in London, oo 
their behalf a few nights ago, he knew no institution which produced 
better papers than those of this Institution. He might refer to one of the 
circumstaiices of the year, a very important event, that of the Hartlepotd 
meeting. They had inaugurated in that meeting what he hoped would 
be an nnnual gathering. It largely tended to increase the membership 
of the Institution and wiis, as they allfelt, a most valuable meeting and one 
they could repeat very satisfactorily. As Mr. Boyd had said, they would 
.have very much to do nest year and make heavy claims upon his feUov 
Councilmeu. He had found in the past year, as he was snre he Hhonld 
find in tlie year to come, ready help and much valuable assistance from 
those gentlemen with whom he bad the pleasure of cu-operating. One 
thing they had failed to do during the year that be hoped they should be 
1 able to accomplish during the ensuing jeur — they had (ailed to draw the 
Graduates of the Institution together in the way they all desired. He 
hqied it would be the object of each member of the Council, and each 
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member of the Institution also, to urge upon the young members, the 
Graduates of the Institution, the desirability of forming an institution 
inside the Institution, where they might read and discuss papers in a 
way that would be of advantage to themselves. If they, the older men 
would point out to young men the great gain it was to write a paper, to 
read it, and to have it discussed, they should in the ensuing session be 
able to pull together a large number of their Graduates for the purpose 
of meeting from time to time. He wanted also to mention the subject 
of the library. They had got a very excellent library for a beginning, 
and let him commend to them the example of one of their members^ 
Mr. William Cooper, who had presented to them seven or eight very 
Talaable volumes, standard works, for the library. Perhaps some other 
friend would do likewise ; what they wanted was books of reference for 
members to consult on shipbuilding and engineering questions. He 
ought to congratulate this Institution, he thought, on the position it had 
taken in the scientific world. He had the honour to be invited as their 
President to the dinner of the Institution of Mechanical Engineers, and of 
responding for the *' professional institutions ^' of this country, amongst 
whom they were ranked, though the youngest, as one of the most 
important. It was something in five years to have risen to a position 
like that, and he was proud to represent them there. In regard to the 
qaestion now pending at Lloyd's, their Institution as an Institution of 
Engineers and Shipbuilders took the same position along with the 
Naval Architects of London and the Engineers and Shipbuilders of 
Scotland, before Lloyd's Committee. As regards the wonderful work at 
tiie Forth Bridge he thought he had spoken on this subject before and it 
was not necessary he should repeat himself, but as a great engineering 
work, a work manifesting both magnificence of design and skill and 
technical detail, it contained abundance of lessons for every mechanic or 
any man desiring to call himself an engineer. They could visit no other 
work of such importance as the Forth Bridge, and he hoped every 
member of the Institution would take this excursion. He thanked them 
most heartily and sincerely for the honour they had done him in electing 
him to the honourable office for another year, and could assure them, his 
health being spared, no efforts of his should be lacking to make it a 
successful year. 

On the motion of Mr. J. K. Sinton a vote of thanks to the Vice- 
Presidents and members of the Council was accorded by acclamation, alter 
which the President declared the session closed. 
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